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Check Out the Online Video!

You will notice a reference throughout this version of Therapeutic

Modalities, Fourth Edition, to online video. This resource is available to
supplement your e-book.

The online video includes video clips demonstrating the application of 21

various treatment modalities discussed throughout the book. We are certain you
will enjoy this unique online learning experience.

N

Follow these steps to purchase access to the online video:

Visit http://tinyurl.com/BuyTherapeuticModalities4d EOV

Click the Add to Cart button and complete the purchase process.

After you have successfully completed your purchase, visit the book’s
website at
www.HumanKinetics.com/TherapeuticModalitiesForMusculoskeletalInjurie
Click the fourth edition link next to the corresponding fourth edition book
cover.

Click the Sign In link on the left or top of the page and enter the e-mail
address and password that you used during the purchase process. Once you
sign in, your online product will appear in the Ancillary Items box. Click on
the title of the online video to access it.

Once purchased, a link to your product will permanently appear in the
menu on the left. All you need to do to access your online video on
subsequent Visits is sign in to
www.HumanKinetics.com/TherapeuticModalitiesForMusculoskeletalIn
and follow the link!

Click the Need Help? button on the book’s website if you need assistance

along the way.
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Preface

The paradigm of evidence-based medicine has influenced the delivery of
health care for more than 20 years. Central to this paradigm is the integration of
the best available evidence in the care of each patient, from diagnosis to the
documentation of the outcomes of treatment. In reality, the best available
evidence is often insufficient to confidently identify the best diagnostic,
evaluative, and treatment procedures or develop a prognosis. Moreover, critically
appraising and comparing evidence from an increasingly deep volume of
research can be a daunting task. The fourth edition of Therapeutic Modalities for
Musculoskeletal Injuries provides updated basic and clinical research to guide
informed management of common musculoskeletal conditions and build a
foundation for lifelong learning.

As in previous editions, this revised text begins with an introduction to the
application of therapeutic modalities in the context of evidence-based clinical
practice (Part I: Principles of Therapeutic Modalities and Rehabilitation)
followed by a strong foundation in injury, inflammation, repair, pain, and pain
modulation (Part II: Physiology of Pain and Injury). The chapters that follow
address the theory and application of common modalities. Part III (Electrical
Modalities and Nerve Stimulation) examines the use of TENS for pain control,
provides an extensive discussion of arthrogenic muscle inhibition, and then
addresses neuromuscular electrical nerve stimulation.

The next two parts (IV and V) are devoted to a critical evaluation of the
principles and applications of cold, superficial heat, ultrasound, electromagnetic
fields and low-power laser. These chapters present the underlying theory and
technologies and then go beyond addressing the laboratory studies of their
effects to focus on the evidence for their effectiveness in clinical practice.

New to this edition is a chapter in mechanobiology, exercise, and mechanical
loading as repair stimuli. The emerging field of mechanobiology offers us a new
understanding of the effects of movement and activity on cell function and gene
expression. Increasingly, mechanical stimuli are being recognized for their role
in tissue homeostasis, tissue repair, and even pain sensation and perception.
Understanding how cells receive and respond to external stimuli is essential to
understanding and advancing recovery from musculoskeletal injury.

These new chapters, found in Part VI: Mechanobiology, Exercise, and
Manual Therapies, take readers beyond the conventional view of exercise as a
means of restoring function and enhancing performance into an understanding of



how and why exercise is an essential component in the musculoskeletal tissue
repair process.

Lastly, a new chapter of case reviews has been added to encourage you to
integrate the basic science, clinical research, and clinical reasoning you will need
to provide high-quality, cost-effective care in an increasingly complex health
care system in which information technology plays an important role.

There are many additional features in this edition to help you understand and
retain the content. Each chapter opens with objectives, and a scenario provides
the context for the subject. Throughout the chapters, many terms are set apart as
key terms, and definitions are provided in the glossary. Sidebars illustrate the
applications of concepts in clinical practice. Each chapter concludes with a
summary of the content and a Key Concepts and Review section that shows how
each objective was supported by the chapter’s content. A thorough set of
references is provided.

For instructors, the test package, instructor guide, and image bank will help
you present the topics covered in this book. The test package includes hundreds
of true-or-false, multiple-choice, and fill-in-the-blank questions that you can use
to build or supplement tests and quizzes. The instructor guide includes a sample
syllabus as well as chapter summaries, chapter objectives, lecture outlines, and
activities. The PowerPoint includes more than 380 slides. The image bank
contains most of the figures, tables, and content photos, which you can then use
to build lecture notes, PowerPoint presentations, or other lecture and learning
materials. You can find these ancillaries at
www.HumanKinetics.com/TherapeuticModalitiesforMusculoskeletalInjuries.

The embedded video demonstrates practical applications of 21 treatment
modalities so that students may learn how to appropriately and accurately apply
modalities for therapy.

Each author has experienced enormous changes in practice resulting from
advances in basic science and the integration of high-quality research into
clinical practice. This edition reflects our ongoing pursuit of knowledge that
improves the care provided to our patients. We hope that your journey as a health
care professional is as long and fascinating as ours has been and that our text sets
you on the path to success.


http://www.HumanKinetics.com/TherapeuticModalitiesforMusculoskeletalInjuries

Part I
Principles of Therapeutic Modalities and
Rehabilitation

Part I provides an overview of the use of therapeutic modalities in the
context of a comprehensive plan of care for musculoskeletal injuries. Key steps
in a progression from injury to return to play and work are identified, and
regulations related to modality application are reviewed. Injury and illness are
not simply physical ailments. The patient’s psychological responses must be
considered in order to individualize care and optimize outcomes. Strategies are
identified to maximize compliance with a plan of care and to remove barriers to
success.

An ever-growing body of research is available to help clinicians and patients
to make sound plan-of-care decisions and guide optimal treatment applications.
Part I introduces the skills needed for locating and critically appraising research
so that decisions and techniques are based on the best available information. The
paradigm of evidence-based care is no longer novel, nor is it static. The delivery
of efficient, patient-centered care requires clinicians to learn the patients’
preferences and goals, tap their clinical experiences to individualize care, and
use the best available research in practice. Part I spans these critical components
in the context of the use of therapeutic modalities in clinical practice.



Chapter 1
Fundamentals of Therapeutic Modalities



Objectives

After reading this chapter, you will be able to

1. discuss how an evidence-based approach to health care affects the use of
therapeutic modalities;

2. discuss how regulation of health care may influence the use of therapeutic
modalities in the care of physically active individuals;

3. identify the varying groups of therapeutic modalities and their purposes;

4. describe the principles of physics that affect energy transfer and how they
affect the application of therapeutic modalities;

5. identify the hierarchy of components in a progressive rehabilitation plan;
and

6. discuss guidelines for guiding an athlete through a comprehensive plan of
care.

It is your first day working as a certified athletic trainer for a sports medicine
clinic. Your position primarily involves service to a local high school but also
involves a few hours in the clinic each morning. A varsity football player for the
high school sprained his ankle on the first day of practice yesterday. The team
physician has evaluated the injury and referred the athlete to the clinic for
treatment.

Questions arise, and the answers lead to more questions. What will be the
plan of care for this injured athlete (i.e., short- and long-term treatment goals)?
Can therapeutic modalities be used to achieve any of these goals? You identify
pain control, restoration of range of motion, and return to full weight bearing as
goals to be achieved within 7 to 10 days, and you choose therapeutic modalities
that include cold and transcutaneous electrical nerve stimulation (TENS). Can
you, as a certified athletic trainer, administer these modalities to this athlete in
the sports medicine clinic? Who has the answers?

Chapter 1 introduces a progressive rehabilitation paradigm from which
treatment goals can be developed. The chapter also discusses basic legal issues,
including negligence and the regulation of practice, that affect the use of
therapeutic modalities by athletic trainers and physical therapists.

The use of therapeutic modalities or physical agents in the treatment of
human ailments is not new. Massage, “cupping” (applying heated shells over



painful areas), and the use of electric eels are mentioned in the archives of early
Greek and Roman cultures. However, there was little scientific evidence to
support those early treatments. Today, the use of therapeutic modalities in patient
care is primarily undertaken by providers whose professional origins date back
less than 100 years, physical therapists and athletic trainers (figure 1.1).
Although other medical and allied medical care providers, such as physicians,
chiropractors, podiatrists, and dentists, may apply therapeutic modalities, this
happens to a lesser degree. Experts in athletic training and physical therapy have
significantly contributed to the collective knowledge of therapeutic modalities
through writing and research.



Figure 1.1 An early athletic training room.
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Photo courtesy of Minnesota State University Mankato.

Therapeutic modality literally means a device or apparatus that has curative
powers. Heat, cold, massage, ultrasound, and diathermy have been used by
health care practitioners for many years. Perhaps these treatments are better
classified as physical agents, that is, treatments that cause some change to the
body. The scientific basis for their use has grown stronger over time, giving us a
better understanding of how modality applications may help injured patients
achieve treatment goals and return to normal activity, including sport and work.



A Contemporary View

Sackett (Sackett et al. 2000, p. 1) described an evidence-based approach to
clinical practice as the “integration of best research evidence with clinical
expertise and patient values.” The use of therapeutic modalities in patient health
care should follow the same principles. However, there is often little evidence
that the application of a therapeutic modality improves treatment outcomes or
hastens the return to active function. Complicating the matter are those clinicians
who adhere to “menu-driven” protocols or adopt practices based on the rationale
of “that’s how it has always been done.” These hurdles should not discourage the
use of therapeutic modalities but rather highlight the importance of clinicians’
being well educated and up to date on current research, approaching patients and
their condition individually, and setting goals for the use of modalities.

The health care system is ever changing, and all providers are under
increasing scrutiny to demonstrate improved patient outcomes and cost-
effectiveness. To effectively use therapeutic modalities to treat physically active
individuals and other patients, health care providers must stay current and follow
evidence-based practices. Our collective understanding of the physics of
therapeutic modalities, the physiological responses to therapeutic modalities, and
the clinical benefits of these modalities is continually evolving. Researchers are
exploring how to best use therapeutic modalities. As we learn more, clinical
practices change, which benefits health care professionals and patients alike.

The theoretical basis for the application of therapeutic modalities after
musculoskeletal injuries continues to evolve, but the rationale for clinical use has
often been based on “logical argument” or empirical value. In the last two
decades, however, a model of evidence-based practice in health care has
emerged. Databases have been developed to provide clinicians rapid access to
reports of clinical trials, including the application of therapeutic modalities for
the treatment of several musculoskeletal disorders. Information gathered from
new research on the evolution of evidence-based health care is integrated into
this text. This topic is discussed in greater detail in chapter 3.

Challenges for Athletic Trainers

The practice of athletic training is recognized through state credentialing and
the establishment of practice acts. Although practice acts define what is within a



scope of practice, these documents do not define when an intervention is
appropriate. It is critical that educators, as well as practicing clinicians, value
and use the best available science to safely and effectively integrate therapeutic
modalities with patient care.

Much has been learned about how therapeutic modalities affect the body;
over the last 70 years, cold agents, therapeutic ultrasound, diathermy, and the
therapeutic use of electricity have been developed. The efficacy of many
therapeutic modalities has been supported through research on physiological
responses to various physical agents. Current research efforts are focused on
examining the clinical outcomes of integrating therapeutic modalities into the
plan of care. Until more is discovered through research, health care providers
must integrate sound theory, clinical observations, and research evidence to
guide their use of therapeutic modalities in clinical practice.

Deciding to Use Modalities

The selection of any health intervention, including those related to the use of
therapeutic modalities, should be purposeful and goal directed; this theme will
resonate throughout this text. In recommending a plan of care, the clinician must
evaluate the efficacy and benefits while also weighing the risks of each
intervention under consideration. The first and only hard rule is "do no harm."”
Clinical research, when available, and clinician experiences and expertise will
influence judgments about one treatment versus another. Specific indications for
each modality are identified in the chapter on that modality.

Of equal importance in choosing a treatment are the patient's beliefs,
preferences, and values. The patient's perspective is important for several
reasons. Patients who have had positive experiences with certain treatments may
seek interventions in which they have confidence, and they may wish to avoid
those they perceive as having no benefit. As discussed in chapter 2, confidence
in the clinician and belief in the effectiveness of a treatment will affect the
patient’s cognitive appraisal, emotional response, and adherence to
rehabilitation. Without doubt, placebo (literally meaning "to please") plays a role
in treatment responses. Time, cost, and risk of adverse responses, along with
evidence of treatment effectiveness, are weighed in making clinical
recommendations. However, if a placebo fosters perceptions of benefit and
ultimately a positive outcome of care, so be it. Conversely, a belief that a
treatment is not beneficial may become a self-fulfilling prophecy.



Patients may choose not to comply with instructions for medication use,
therapeutic exercise, and other types of self-care. Adherence to treatment
recommendations is a concern across health care; in chapter 2 we identify
strategies designed to improve adherence to rehabilitation. Adherence can be
improved when patients are involved in program design (e.g., establishing goals)
and when they understand the nature of their problem, the reasons for each
element in a plan of care, and their role in the treatment and recovery process.
When a clinician proposes the use of a therapeutic modality, the patient deserves
to know what the clinician believes will be achieved through the treatment. The
patient should also be informed of what to expect during and after the treatment
and should appreciate the possible consequences of refusing the treatment or
choosing a different intervention. This can best be accomplished by establishing
a positive rapport by recognizing the whole patient rather than just the injury that
is being treated.

Concerns When Using Modalities

Although therapeutic modalities are applied to make injured individuals
more comfortable and speed rehabilitation, these treatments can also cause harm.
Before applying any therapeutic agent, be sure that the equipment is in proper
working order. Make sure that any electrical equipment such as a whirlpool is
powered by a circuit served by a ground fault interrupter, and identify known
contraindications or conditions that warrant special caution. Specific
contraindications and cautions for each modality are identified in its respective
chapter.

Types of Modalities

Therapeutic modalities can be classified or grouped based on the form of
energy used: thermal, electrical, acoustical, electromagnetic, or mechanical.
Exchange of thermal energy occurs with ice packs, cold or warm water
immersion, and moist heat packs. Electrical energy that stimulates biological
tissues is used in various waveforms of TENS, high-volt, or interferential
currents. Effects of sound energy (based on the acoustical spectrum) are
achieved with ultrasound and extracorporeal shockwave therapy.
Electromagnetic energy is used with shortwave diathermy, low-level lasers,
infrared lamps, and ultraviolet lights. Mechanical energy is applied through
intermittent compression devices, traction units, and manual massage.



Depending on the form of energy, different physiological actions may be

achieved. Cold removes heat or thermal energy from the body, while diathermy
adds to it. Electrical energy is most commonly used to stimulate or depolarize
neurological tissue. Some forms of energy can also create different effects based
on their application parameters. For instance, sound energy can be adjusted to
achieve thermal or nonthermal effects. Improper energy exchange may harm the
patient (e.g., pain from stimulation of nociceptive fibers or scalding the skin).
Therefore, the clinician must have a sound understanding of the type of energy
used by the modality as well as the parameters for operating it.

Thermal energy is used to increase or decrease tissue temperature.
Thermotherapy adds energy to tissue and increases its temperature while
cryotherapy removes energy from tissue and decreases its temperature.
Cold and superficial heat modalities are discussed in chapters 10 and 11.
Electrical energy is used to depolarize neural tissue to modulate pain or
produce muscle contractions, to produce local chemical changes by eliciting
ion movement, or to facilitate tissue and bone healing. Electrical
stimulation modalities are discussed in chapters 7-9.

Mechanical energy is generally used to create motion in a body segment or
area. This can be achieved by mechanical or manual means. Manual and
mechanical therapies are discussed in chapters 16-18.

Acoustical energy is most commonly used to increase tissue temperature,
but nonthermal effects may also be attained. Therapeutic ultrasound is
discussed in chapters 12 and 13.

Electromagnetic energy is generally used to increase tissue temperature.
Although some applications of electromagnetic energy are for the purpose
of damaging tissue (such as sterilization with UV light), this is beyond the
scope of most therapeutic applications. Diathermy and low-level laser
therapy are discussed in chapters 12, 13, 14, and 15.

Principles of Energy Exchange

Therapeutic modalities create physiological change by means of an exchange

of energy to or from the body. Energy exchange is guided by varying the
following:

How much. The Arndt-Schultz principle states no reactions or changes will
occur in body tissues if the amount of energy is insufficient to stimulate the
target structure and too much energy will actually be detrimental to the



tissues. In addition, the law of Grotthus -Draper describes the inverse
relationship between energy absorption and penetration; energy that is
absorbed by superficial tissues is not available to be transmitted to deeper
layers. Conversely, energy that is not reflected or absorbed at superficial
levels will be transmitted to deeper tissues. Mechanisms of energy
exchange are subject to various principles of physics, which determine if
energy is reflected, transmitted, refracted, or absorbed.

The distance between. The inverse-square law implies that the amount of
energy transfer varies inversely with the square of the distance between the
two objects, the modality and the body (figure 1.2); the greater the distance,
the lower the amount of energy transfer. For example, if a lamp were
lowered from 60 cm above the skin to 30 cm, the distance would be
reduced by 1/2. The inverse of 1/2 is 2, and the square of 2 is 4. Thus, the
heating effect is increased fourfold when the height of the lamp is reduced
by 1/2.

The angle between. The cosine law states that energy exchange varies with
the cosine of the angle formed between the beam of energy and the
perpendicular (figure 1.3); the greater the angle, the less the amount of
energy transfer. This relationship assumes that the energy strikes the skin
perpendicularly; if the energy strikes the skin at an angle, some is reflected,
reducing the overall effect. For example, if ultrasound waves form a 30°
angle with the perpendicular, the reduction in acoustical effects is calculated
by multiplying the cosine of 30°, which is 0.86. Thus, only 86% as much
effect occurs when sound waves strike a surface at an angle 30° from
perpendicular as when they strike perpendicular to the surface. In other
words, the effect is reduced 14%.



Figure 1.2 The inverse-square law: (a) Heating effect equals x. (b) When the
distance between the lamp and the skin is reduced by half, the heating effect is
increased to 4x (the inverse of 1/2 equals 2, and 22 equals 4).
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Figure 1.3 The cosine law: (a) The heating effect equals x. The angle of the light
does not deviate (= 0°) from the vertical. The cosine of 0 equals 1; thus, the
heating effect equals 1x. (b) The light strikes the skin at a 30° angle. The cosine
of 30° is 0.86. Thus, the heating effect is only 86% of the effect of light beaming
straight down.
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e The difference between. A gradient is established by the difference in
energy possessed by the two sources, the body and the modality. The
gradient describes the direction as well as the rate of energy exchange.
Energy will move from the higher source to the lower source; hence energy
transfer occurs from the therapeutic modality to the body, except in the case
of cold modalities, where the body has a higher source of energy than the
modality. The magnitude of difference between the two sources will affect
the rate of energy transfer; the larger the difference, the greater the rate of
exchange. For example, the body will exchange energy more quickly with a
whirlpool circulating water that is 30° lower than body temperature than
with one that is only 5° lower. In addition, the latter would result in a
smaller amount of change in tissue temperature.



e How long. The duration of application is more a treatment parameter than a
principle, but it can affect the amount of energy transfer based on the
previously identified principles. In general, the longer the application
period, the more energy transfer will occur. The amount of time for
modality application should be adjusted (usually increased) to
accommodate applications, as they vary based on the inverse-square law or
cosine square law. For example, performing ultrasound through a bladder
will result in a decreased amount of energy transfer (as compared to direct
contact with the skin); therefore the treatment time should be extended.
While there is no exact correlation or algorithm between time adjustment
and differences in each principle, the general concept should be considered
when applying therapeutic modalities.



Legal Aspects of Therapeutic Modality Application:
Practice Acts and Negligent Treatment

Recognition of the profession and higher educational standards influence the
practice of athletic training. Athletic training has been recognized as a distinct
allied medical profession in most states through the development of practice acts
and state credentialing. As recognition and regulation varies, it is prudent for
athletic trainers to be cognizant of the standards established in the state in which
they practice.

Changes in athletic training regulation and the education of athletic trainers
also have elevated the standard of care expected from certified athletic trainers.
Before the days of certification by the National Athletic Trainers’ Association
(NATA), there was no standard by which to judge athletic trainers’ actions.
Today, certification by the Board of Certification, Inc. (BOC) for athletic
trainers, recognition of athletic training as a profession by individual states
through licensure or certification, and higher educational standards have defined
the standards of athletic training and elevated levels of practice. Failure to
practice according to these standards, including causing injury by improper
application of therapeutic modalities, may constitute negligence.

Athletic trainer certification by the BOC is determined by an examination
that tests the applicant’s knowledge and skills in preventing, recognizing,
treating, and rehabilitating athletic injuries as well as performing administrative
aspects of athletic training. A standard of preparation for the certified athletic
trainer has been established through the examination.

Therapeutic modalities are addressed in a subsection of Athletic Training
Education Competencies, Fifth Edition (NATA 2011). Through education and
supervised clinical experience, the athletic trainer learns how and when to apply
therapeutic modalities and then demonstrates the associated knowledge and
skills during the certification examination. The certified athletic trainer has met
established standards to practice athletic training and to use therapeutic
modalities. One might then assume that a certified athletic trainer’s practice is
governed by the National Athletic Trainers’ Association’s Code of Ethics (NATA
2005), the Role Delineation Study/Practice Analysis, Sixth Edition (BOC 2010),
and the Athletic Training Education Competencies, Fifth Edition (NATA 2011);
however, this assumption is incorrect.

Practice acts and state credentialing regulate the utilization of therapeutic
modalities with patient health care. Health care providers must comply with



regulations set forth by the state in which they practice, including regulations
that affect which therapeutic modalities may be applied, to whom the treatment
can be administered, and the setting in which the treatment may be rendered.
The various agencies responsible for regulating health care practice can provide
or direct the clinician to the relevant practice act. These materials may also be
available through the health care provider’s state associations or societies.

Challenges for Athletic Trainers

The Commission for Accreditation of Athletic Training Education (CAATE)
has established criteria for accreditation of educational programs that include
preparation in the knowledge and use of therapeutic modalities. The examination
administered by the BOC assesses this preparation. The BOC further requires
evidence of continuing education to maintain certification. Although an athletic
trainer may be well qualified to use a specific therapeutic modality or administer
a particular treatment, individual state laws specify what the athletic trainer may
legally do. Moreover, in states that do not regulate the practice of athletic
training, the application of a modality may infringe upon the practice of other
disciplines as defined in that state. The athletic trainer must understand and
practice within the boundaries of the state’s practice act. Failure to do so may
lead to revocation of a state license or certification and loss of practice privileges
or charges of practicing another discipline without proper credentials.

A review of regulations of all states is beyond the scope of this text. In
addition, regulations may change. This text and the instruction provided are
intended to develop knowledge and skills related to the clinical competencies
established by the profession. It is the responsibility of athletic trainers to learn
the laws of the state they practice in and how these laws affect what they can do
and who they can treat.

Other medical and legal considerations relate in general to the use of
therapeutic modalities. This text is not intended to cover all legal and
administrative aspects of health care, but two issues closely related to the
application of therapeutic modalities are covered, informed consent and liability
in tort.

Informed Consent

Informed consent refers to the right of patients to receive information about



their diagnosis and treatment options and to grant consent to receive treatment.
In some settings, there are no formal policies about informed consent for
modality application or participation in therapeutic exercises. Informed consent
is often viewed simply as forms that have to be completed before treatment or a
formality. Nothing could be further from the truth. Often parental consent to
provide immediate treatment of injuries (used by schools and sport programs) is
misconstrued as informed consent. Furthermore, although people who enter a
clinic routinely sign forms giving health care providers permission to treat them,
these forms often do not include informed consent for specific treatments.

The components of informed consent as described by Scott (1990) are
presented in the next paragraph. Items 2 through 5 are directly related to the
application of therapeutic modalities. This text describes the physical and
physiological principles of modality application, the mechanisms by which the
therapeutic benefits of modalities are achieved, and the contraindications and
precautions for modality use. With this information, the clinician can in turn
provide patients with information they need to make informed decisions about
their health care. We believe that clinicians can establish a positive rapport with
their patients by adopting a policy of discussing expectations during each
treatment session. This practice will fulfill the requirements of informed consent,
but just as important, it will affect the patient’s cognitive appraisal and contribute
to better adherence to the rehabilitation program.

Components of Informed Consent

The injured physically active person should be informed of the following:

1. The diagnosis or findings of a physical examination

The recommended treatment procedures and rehabilitation plan

3. The prognosis if the recommended treatment is administered or
rehabilitation plan completed

4. The risks and benefits of the recommended treatment and rehabilitation
plan

5. Reasonable alternatives to the proposed treatment and rehabilitation plan,
with the potential risks, benefits, and prognosis

6. The prognosis if no treatment is administered or rehabilitation completed

N

This article was published in Professional ethics: A guide for rehabilitation professions, R.W. Scott,
pgs. 60, Copyright 1998, with permission from Elsevier.



Challenges for Athletic Trainers

Often a bond of trust exists between the physically active individual and the
athletic trainer, whereby the individual believes that the athletic trainer will
provide the best possible care. Additionally, the injured person may have
observed treatments administered to others and may know what to expect.
Failure to receive consent prior to treatment does not routinely lead to litigation
against an athletic trainer. However, the athletic trainer should not ignore this
issue. Make it a habit to explain any proposed treatment to the injured person
and provide an opportunity for questions. This facilitates communication in the
sports medicine clinic, where the injured person is encountering an unfamiliar
health care facility and providers. It is also good practice in the athletic training
room, where explaining the rehabilitation plan and proposed treatments engages
the injured individual and allows the athletic trainer to review his or her
responsibilities in the rehabilitation plan (figure 1.4).



Figure 1.4 Explaining the rehabilitation plan and proposed treatments allows the
clinician to review his or her own responsibilities as well as inform the injured
individual.

Liability in Tort for Negligent Treatment and Professional
Negligence

A tort is a private, civil legal action brought by an injured party (in this case,
the patient), or the party’s representative, to redress an injury caused by another
person (in this case, the care provider). Negligence entails doing something that
an ordinary person under like circumstances would not have done (a negligent
act or an act of commission), or failing to do something that an ordinary,
reasonable, prudent person would have done under similar circumstances (a
negligent action or an act of omission). This general definition can be more
clearly focused if ordinary person is replaced with health care provider. The
professional standards established through national certification, the Code of
Ethics and Standards of Practice, and state regulation have created a level of
expectation for health care services.

When a health care provider fails to act appropriately or acts inappropriately
in providing services and injures someone, the clinician may be found negligent
in tort. In relation to the application of therapeutic modalities, negligence in tort
is likely to involve a negligent act. The clinician is responsible for ensuring that



the equipment used to apply modalities is properly maintained and calibrated
and is in good working order, and that the modalities are applied in a manner that
does not harm the patient. Negligent acts include burns caused by a moist heat
pack with too little toweling for insulation, cold-induced nerve injury caused by
inadequate instructions for applying ice packs at home, and electrical shock
caused by faulty wiring on a poorly maintained transcutaneous electrical nerve
stimulator. The health care provider must recognize when the application of a
modality is contraindicated, must know how to apply a modality safely, and must
instruct the individual properly if he or she is to self-administer a modality.
Failure to do any of these things may constitute negligence if harm occurs with
the use of a therapeutic modality.



Rehabilitation Plan of Care

The treatment of physically active patients requires a team approach because
no single health care provider has all of the skills and resources needed for
guiding the patient through rehabilitation. The rehabilitation plan of care is
founded on the medical diagnosis provided by the physician and the physical
examination of the injured patient by the clinician. The medical diagnosis is
critical to determining whether surgery is necessary, to determining whether
medications are indicated, and to estimating the rate of progression that the
healing tissues will tolerate.

In establishing a plan of care for recovery, the physician, clinician, and
patient must identify specific short-term goals. A medical diagnosis may be a
grade II lateral ankle sprain. However, the rehabilitation plan of care addresses
not the lateral ankle sprain but the pain, loss of motion, loss of strength,
decreased neuromuscular control, and inability to fully bear weight, walk, run,
jump, cut, or play basketball—in other words, the signs, symptoms,
impairments, disabilities, and handicaps resulting from the injury. Clinicians
must also identify factors that may limit adherence to rehabilitation, including
the patient’s psychological-emotional response to the injury. Finally, the short-
term goals that are established to address specific needs such as pain control or
improved neuromuscular control must be tied to the individual’s achievement of
long-term goals. Thus, the medical diagnosis is only part of determining the best
approach to rehabilitation.

Developing a rehabilitation plan of care may sound difficult; however, some
basic concepts make the process much easier. First, a basic rehabilitation model
should be used as the framework for the plan of care. Second, the plan of care
must address the problems identified in the physical examination; thus, a plan of
care is individualized. Third, the plan of care should be progressive, with clearly
identified performance or time-specified criteria for progression to more
complex and challenging activities.

Clinicians generally agree on the order of priorities in a progressive
rehabilitation plan of care. The model presented in figure 1.5 provides a guide to
progression of a rehabilitation plan of care. After a complete clinical
examination, the first priority in all health care is to do no harm. It is necessary
to protect injured tissues from further damage and to allow for healing and the
restoration of tissue integrity. The control of pain and swelling is also a high
priority early in the rehabilitation process. Pain is one of the worst of human



experiences; it makes us miserable, affects sleep, and alters neuromuscular
control and function. Once a diagnosis is established, pain has served its purpose
(warning the person that something is wrong) and should be alleviated to the
greatest degree possible.



Figure 1.5 A progressive model for rehabilitation of physically active
individuals.
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Injury and inflammation result in swelling, muscle guarding, and loss of
motion. Once the certified athletic trainer is assured that damaged tissues have
been properly protected and pain and swelling have been addressed, attention is
given to restoring range of motion about the involved joints. Functional recovery
usually requires normal amounts of joint range of motion.

In addition to working to restore motion lost due to injury, the clinician must
work to restore neuromuscular control and muscular endurance (neuromuscular
control is discussed in greater detail in chapters 7, 9, and 10). Pain, swelling, and
joint instability change the way the nervous system coordinates muscle
contractions. Neuromuscular control and muscular endurance must be
reestablished so the patient can perform the low-resistance, high-repetition
activities that are the foundation of muscular power and strength training.

As the injured athlete recovers, the rehabilitation plan progresses to address
losses of strength and power and muscular endurance. Strength is the ability to
do work, whereas power is a measure of the rate at which the work is done.
Success in physical activity including sports requires muscular strength and
power. Generally, strength is addressed first with slow, controlled exercises.
Power training is then added through plyometric exercises, sprinting, and other
rapid movement training. In most sports, repeated or sustained muscular activity
is required. Thus, endurance, or the ability to repeat and sustain activity, must
also be retrained.

Finally, the activity-specific needs of the patient must be met. The functional



requirements, much like the endurance requirements, differ among activities,
sports, positions, and events. A basketball player who can run, jump, and cut
may not be ready to return to the game because of an inability to backpedal, a
football player may not be ready to return to the offensive line because of poor
footwork, or the loading dock employee may not be able to return to work
because he cannot climb in and out of the forklift. Each activity and sport places
unique demands on the body. As a rehabilitation plan of care progresses, it
should become more specific to the demands of the individual’s activities.

Therapeutic modalities are most commonly used to alleviate pain and allow
patients to initiate therapeutic exercises to improve range of motion and regain
neuromuscular control. The clinician should understand how the modality affects
the body and the rationale for each modality application. Modality application is
not an all-inclusive treatment or cure, but a passive intervention that enables
patients to meet specific, short-term rehabilitation goals.

In addition to working toward specific goals related to the injury, the health
care team must also strive to maintain the patient’s overall fitness level. Exercise
to maintain cardiovascular fitness and strength should be incorporated into the
rehabilitation plan as soon as it is safe to do so. Stationary cycling, stair
climbing, aquatic exercising, and circuit training can be used to maintain fitness
while protecting healing tissues, and they can provide some variety in the injured
person’s routine. Physically active individuals also experience a withdrawal
phenomenon when their regular physical exercise routine is disrupted by injury.
Including safe aerobic exercise and weight training in the rehabilitation plan
helps individuals cope with this disruption. Figure 1.6 provides an example of an
individualized plan of care.



Figure 1.6 A plan of care is individualized with clear criteria to check progress
toward more complex and challenging activities and recovery.

Monitoring Progress

Progress implies change. A team physician we once worked with was fond of
saying, “If things do not stay the same they will get better or worse.” There are
many potential pitfalls in evaluating and rehabilitating injured persons.
Incomplete diagnoses, poor adherence to the plan of care, and excessive activity
can slow or prevent recovery from injury and return to full activity. The health
care team must monitor an individual’s progress during rehabilitation,
discouraging excessive or inappropriate activities and adding challenging
activities when appropriate.

Two factors guide progression. The first is tissue healing. In some cases,
such as fractures and anterior cruciate ligament reconstruction, the time the body
needs to repair the tissues is relatively well established. Although pain is often a
reasonable guide for exercise progression, the physician may specify a time
frame of restricted activity to allow for substantial tissue repair. The second
factor is successful completion of short-term goals related to the earlier stages of
rehabilitation. If healing tissues are adequately protected, the initial short-term
goals will be based on the first three rehabilitation priorities. For example, after a
lateral ankle sprain there may be a considerable amount of pain. Appropriate
short-term goals may include reducing pain to a rating of 2 (on a scale of 0 = no
pain, 10 = worst pain imaginable) at rest in 2 days and a rating of 2 in full



weight bearing in 1 week. If range of motion is lost, restoring full ankle range of
motion in 10 days is a reasonable short-term goal.

Progression should be performance based. For example, a physically active
person may ask how long she must remain on crutches after spraining her lateral
ankle ligaments. These ligaments are not stressed by walking, only by extreme
ankle inversion. Thus, a good guide for return to full weight bearing is a normal,
pain-free walking gait. The person may adopt a limp while walking; the limp is
an altered neuromuscular pattern to avoid pain. If walking is painful, the first
goal of rehabilitation has not been fully achieved. Thus, for this physically active
person, progression is simple and performance oriented.

Communication is essential to monitoring the injured person’s progress
through rehabilitation. Each person will respond differently, and feedback from
the patient is vital. Some must be cautioned repeatedly about being too
aggressive, whereas others must be encouraged to do more. Much of the
individual response hinges on a person’s response to pain. Some people
approach therapeutic exercise with a “no pain, no gain” mentality. The health
care team must help these people to interpret their pain sensations in order to
protect healing tissues. Other people will stop exercise at the first sensation of
pain, even though some discomfort is expected at various stages of most
rehabilitation programs. Those who know what to expect will be better able to
interpret their pain and make progress with their rehabilitation. Figure 1.7 shows
theoretical and realistic return-to-activity models.



Figure 1.7 The return to activity is a continuum: (a) Avoiding pain with exercise
as activity increases facilitates early functional recovery. (b) Recovery of
function is delayed when the threshold of healing tissue is exceeded and pain

Ooccurs.
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The final stage in recovery from injury is the return to unrestricted activity,
such as work, training, practice, or competition. Clearance to return to full
activity is a team decision. The patient must feel physically and psychologically
ready. The physician and clinicians must consider whether the injured tissues can
withstand the stresses of the activity and whether the person’s overall level of
fitness is sufficient for him or her to participate effectively without undue risk of
injury. Others, including coaches and parents, can provide valuable insight into
the physical capabilities and psychological motivation of physically active
individuals. Most importantly, clearance to return to activity must be based on
performance assessment as well as physical examination. The person evaluated
solely in a physician’s office or health care clinic may appear capable of
returning to activity, yet field or work site evaluation may reveal significant
losses of activity-specific agility, power, or endurance. Ideally, the clinician
should evaluate the individual’s functional performance and gain physician



approval before giving final clearance for unrestricted activity.

Documenting Progress

Paperwork is the bane of health care providers. Preparing and maintaining
good records is often challenging, but it is essential work. This subject is given
considerable attention in Management Strategies in Athletic Training, Fourth
Edition (Ray 2011). However, it would be remiss not to mention documentation
in this chapter.

Good records are needed to assess the benefits of treatment and
rehabilitation. There is a growing demand in the managed care environment for
health care providers to demonstrate that they do make a difference in patient
care. The use of patient self-reports (figure 1.8) can facilitate communication
between the patient and the clinician. These forms allow the patient to document
improving or worsening symptoms. Patient self-reports can also improve our
understanding of which interventions are most beneficial in the treatment of the
injured person.



Patient Pain and Activity Inventory
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Good records also are essential in a defense against a charge of negligence.
Malpractice cases often take years to reach the courtroom, and a good memory
will never prevail over good documentation. Figure 1.9 provides an example of
an individual injury evaluation and treatment record.



Figure 1.9 A sample form used to record the evaluation and treatment of an
injured athlete.
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Without a complete record of the case, specific details of the individual’s
problem and treatments will not be available. Develop good record-keeping
skills and make a habit of documenting the modalities and specific parameters
you select in treating each person. Perhaps an integration of technology into the
traditional therapy environment may alleviate the stresses of documentation.
Modern computer hardware (smartphones, tablets) and software (apps) can
expedite the process of recording treatment. Physicians (surgeons) have long
used dictation services to record their work; today, voice-activated software is
readily available to perform the same task.



Summary

This chapter addresses several concepts related to the application of
therapeutic modalities in contemporary practice, including types of modalities,
principles of energy transfer, state regulation, consent to treatment, liability, and
the development of a progressive plan of care. Providers should know and
practice within the limits of the regulations established in the state where they
work. Patients should understand the treatments that are recommended,
including potential benefits as well as potential risks and alternative
interventions. The failure to administer treatments safely and receive consent to
treat may constitute negligence. All applications of therapeutic modalities should
be part of a comprehensive plan of care leading to a return to activity and
competition.

Key Concepts and Review

1. Discuss how an evidence-based approach affects the use of therapeutic
modalities.

An evidence-based approach to the use of therapeutic modalities
requires the clinician to seek out and evaluate the best evidence available
demonstrating effectiveness and efficacy. This practice adds to and
supplements the expertise of the clinician. In addition, treatment decisions
should be individualized as the clinician attends to the needs and values of
each patient.

2. Discuss how regulation of health care may influence the use of therapeutic
modalities in the care of physically active individuals.

Athletic training is regulated in many states through state practice acts.
The state practice act defines what an athletic trainer may do, whom the
athletic trainer may treat, and where treatments can be administered.
Although the certified athletic trainer may be educated and trained to use
therapeutic modalities to treat musculoskeletal injuries, state regulations
may restrict modality application depending on the setting, amateur or
professional status of the individual being treated, or modality used.

3. Identify the varying groups of therapeutic modalities and their purposes.

Therapeutic modalities are grouped based on energy form: thermal,
electrical, acoustical, electromagnetic, or mechanical. Each form of energy
will exert an effect on the patient that is physiological, psychological, or



both. Common effects include changes in tissue temperature, pain
modulation, changes in cellular membrane permeability, or muscle
contraction.

. Describe the principles of physics that affect energy transfer as related to
therapeutic modalities.

Energy is transferred to or from the body through the application of
different modalities. The amount and rate of energy transfer are affected by
the established gradient, the distance between the modality and the tissues,
and the angle of the energy source from the perpendicular. These factors are
unique to each application, and the clinician should account for them along
with consideration for the duration of application.

. Identify the hierarchy of components in a progressive rehabilitation plan.

A progressive rehabilitation plan consists of six stages: (1) a complete
clinical examination; (2) controlling pain and swelling and protecting
damaged tissues; (3) restoring range of motion and volitional
neuromuscular control; (4) restoring reflexive neuromuscular control,
strength, and muscular endurance; (5) restoring power and control over
complex functional movement; and (6) resuming sport-specific training.

. Discuss guidelines for guiding an athlete through a comprehensive plan of
care.

Progression through a comprehensive rehabilitation plan of care is
based on protecting healing tissues and achieving short-term goals. If
healing tissues are adequately protected, pain during and after activity is the
primary guide to progression. Active exercise should be pain free, and the
individual should be able to do tomorrow what was done today.



Chapter 2
Psychological Aspects of Injury and
Rehabilitation



Objectives

After reading this chapter, you will be able to

1. compare and contrast the contemporary stage model and the
biopsychosocial model of psychological response to injury;

discuss the impact that cognitive appraisal can have on the physically active
patient’s psychological and emotional responses to injury;

identify influences on one’s ability to cope with a musculoskeletal injury;
identify factors that improve an athlete’s adherence to a rehabilitation plan;
identify common barriers to successful completion of rehabilitation; and
discuss the assessment of treatment outcomes in the context of natural
history, placebo, and “true” treatment effect.
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A retired man who is an avid golfer enters a sports medicine clinic for
treatment of his shoulder, which was injured when he tripped while carrying his
golf bag. He complains of stiffness and a loss of motion in the shoulder.
However, his primary concern is that the injury is preventing him from playing
golf and that this disability might be permanent. Physical examination reveals an
extensive contusion to the right shoulder; however, the joint appears to be stable
and the rotator cuff intact. He responds well to transcutaneous electrical nerve
stimulation (TENS) and moist heat, prescribed to reduce pain and spasm, and
active assistance and active range of motion exercise during his initial treatment.
Swinging a short iron is included in the initial therapy session. The patient is far
less anxious on leaving the clinic than when he entered.

He complies well with his home care program and requires just four
additional treatments in the clinic. He gradually progresses his golfing activities,
beginning on the driving range, then playing 9 holes, and after four weeks of
recovery playing 18 holes.

Musculoskeletal injury is usually an unexpected and undesired consequence
of participation in competitive athletics, physically demanding work, and
recreational physical activities. It is estimated that 3-17 million sport and
recreational injuries occur annually in the United States to children and adults.
Effective treatment and rehabilitation require a comprehensive plan of care with
specific, progressive goals that are appropriate to the needs and status of each
patient. Using evidence-based practices in selecting and applying therapeutic



modalities will allow you to achieve the treatment and rehabilitation goals. Two
important concepts were introduced in chapter 1: (1) the rehabilitation plan of
care is based on medical diagnosis and evaluation of the injured person’s needs,
and (2) each person will respond uniquely to injury, requiring you to
individualize the plan of care to treat the person, not just the injury. An
additional concept introduced in this chapter is the deliberate involvement of
patients during the development of their treatment and rehabilitation programs.

We have an abundance of information about the physiological dimensions of
injury, such as etiology, epidemiology, outcome measures, diagnosis, tissue
healing processes, and the effectiveness of interventions. Yet, once injury occurs,
the patient will experience cognitive, emotional, and behavioral responses that
are linked to the paleocortical pain tract that is discussed in chapter 5. The
abundance of interneurons in the emotional centers of the brain can trigger
various responses that can affect recovery. Our knowledge about the
psychological dimensions of injury has been limited until recently, as athletic
trainers, psychologists, and other members of the sports medicine community
have become increasingly aware of the vital role psychosocial factors play in
recovery. Varying models—conceptual, theoretical, or integrative in nature—
have been proposed in an effort to establish a framework for investigating and
describing the psychological response to injury and rehabilitation.

Recognizing and appreciating the mind—body connection is perhaps the most
important concept in treating individuals with musculoskeletal injuries. The
relationships between physical injury and psychological response and between
psychological dysfunction and somatic pain are complex. The anatomical
connection is obvious and not a new concept, yet the appreciation of patient
psyche is often overlooked or ignored. The situation described at the beginning
of this chapter is an example of attending to both areas: the patient’s program
included swinging a golf club, a sport-specific exercise (physical) that alleviated
much of the individual’s anxiety (psychological) about playing golf again.
Before applying a therapeutic modality, the clinician should appreciate the
psychological aspects of injury and rehabilitation just as much as the physical
aspects of injury and tissue healing.

While psychological factors do affect the likelihood that an injury will occur
(Andersen and Williams 1999), this topic is beyond the scope of this text. The
focus of this section is on the role psychological factors play in patients’
responses to injury and their adherence to rehabilitation. Key attributes affecting
outcomes are characteristics of the injury, situational factors, interactions with
health care providers, differences in personalities, and individual cognitive
appraisal. How the person assimilates these factors will affect his or her



emotional responses (e.g., fear, tension, anger) and behavioral responses (e.g.,
adherence to rehabilitation) (Walker, Thatcher, and Lavallee 2007). Positive
appraisal will lead to supportive emotional and behavioral responses and will
move the patient toward full recovery. You should remember that not all
outcomes are positive, especially if the clinician does not monitor the reciprocal
relationship between appraisal and responses.

Successful return to competition or daily activity is contingent not only on
the clinician’s development of a rehabilitation program that uses evidence-based
techniques but, just as importantly, on the patient’s adherence to the program.
Psychosocial barriers caused by factors other than the injury can have a negative
impact on adherence to rehabilitation. A holistic focus on treating the entire
patient and not just the physical injury raises awareness of the patient’s
psychological responses, thereby offering the chance to address adverse
responses that could disrupt rehabilitation. Behavioral economists and social
psychologists say that implementing holistic strategies will lead to better patient
compliance and adherence to treatment plans and ultimately to better outcomes.

Much has been learned about the psychological response to musculoskeletal
injuries through the study of sport-related injuries. Certified athletic trainers
work closely with individuals before and after injury; the understanding,
personal attention, and caring attitude that athletic trainers provide can strongly
influence a person’s psychological and physical recovery and response to
treatment with therapeutic modalities. Other members of the sports medicine
team may not have as close a working relationship with the athlete-patient as the
trainer does, but they have an impact on all aspects of recovery. Regardless of
the role a clinician plays on the health care team, establishing a positive rapport
and earning the trust of the patients who seek advice and assistance are essential
to their successful recovery.



Psychological Response to Injury

It is important that all clinicians understand their scope of practice and their
role on the health care team. All providers should be aware of the potential
psychological responses to injury and should be able to recognize behaviors and
actions that might be harmful or disruptive. Organizations should have
appropriate patient mental health programs in place that include management
protocols, educational materials, and professional resources for referral. The
clinician should not demean a patient’s concerns; most important, the clinician
must be able to recognize when an appropriate referral should be made. A few
common models describing the individual’s psychological response to injury
include Grief and Stage, Biopsychosocial, and Cognitive Appraisal.

Grief and Stage Models

Early on, scholars adopted the grief model (as observed in those suffering
loss or bereavement, illness, and disability) in describing the psychological
response to musculoskeletal injury. Kiibler-Ross (1969) described a five-stage
psychological response to terminal illness (death and dying): denial and
isolation, anger, bargaining, depression, and acceptance. In the 1980s and early
’90s, sport psychologists adopted this paradigm with musculoskeletal injury,
suggesting the injured person first denies the severity of the injury and then
expresses anger. A bargaining stage might include statements such as “If the
ligament isn’t torn, I will train in the weight room every day.” Unrealistic
bargaining was thought to give way to depression, followed by acceptance of the
injury and the consequences.

More recent work has emphasized that physically active people such as
athletes may experience some of these responses after musculoskeletal injury but
do not progress through all of the stages. For example, a high school soccer
player may be angry (at the opponent) when he sustains a displaced fracture to
his tibia, but he cannot deny the injury exists and therefore will not progress
through the remaining stages. These individuals may express anger at the time of
the injury, or when they become bored with the routine and slow progression of
rehabilitation. In addition, experts have found that most injured athletes do not
experience depression following musculoskeletal injury (Leddy, Lambert, and
Ogles 1994, Brewer, Linder, and Phelps 1995). Others have proposed that
athletes do not deny the existence of an injury but are more likely to be trying to



make sense of it and determine its severity. Thus, the paradigm described by
Kiibler-Ross does not adequately describe the typical psychological response to
musculoskeletal injury.

Within the current literature, opinion about the grief and stage model in
defining psychological responses to injury appears equivocal; some researchers
suggest that grief stages might only occur in response to severe or traumatic
injuries (season or career ending) (Smith et al. 1990, Heil 1993), while other
researchers offer minimal support for the denial stage and no support for the
bargaining stage (Udry 1997). Evans and Hardy (1995) suggest that the more
recent conceptualization of the grief model represents a less stage-like and more
dynamic model than earlier versions and is therefore worthy of further attention.
Currently, the consensus is that emotions consistent with the various stage
models are observed in athletic injury research (e.g., depression, anger,
frustration), but a common sequence of discrete responses or stages of
responding to athletic injury is not supported. Recognizing the limitations and
applicability of grief response models, such as their lack of accommodation for
individual differences, researchers have challenged and over time replaced the
grief response models.

Biopsychosocial Models

Several biopsychosocial models have been used to describe psychological
responses to musculoskeletal injury. The International Classification of
Functioning, Disability, and Health (ICF) (World Health Organization 2002) is a
model that incorporates a disorder or disease, structure and bodily function,
activity and participation, and how these are affected by environmental and
personal factors. Nagi (1965) described a model with four components of injury
and response: (1) disease, (2) impairment, (3) functional limitation, and (4)
disability. If musculoskeletal injury replaces disease, this model is easily applied
to injured physically active people (figure 2.1).



Figure 2.1 Nagi model of the process of disablement in the context of
musculoskeletal injury in physically active people.
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For example, consider a volleyball player who injured her knee. The injury
was diagnosed as a grade II tibial collateral ligament sprain. The sprain to the
ligament was the musculoskeletal injury. The player had pain, loss of motion,
and loss of strength following the injury. These impairments resulted in
functional limitations, among them the inability to walk without assistance or
perform physical tasks, including sport-specific activities such as running and
jumping. This volleyball player could not play her sport, work part-time as a
waitress on the weekends, participate in physical education, or go hiking with
her family. These limitations on performance in sport, school, employment, and
family activities represent her disabilities.

In biopsychosocial models, injury is more than tissue damage; attention is
focused on the person’s entire response to the injury. These models present an
enlightening concept: To understand the physically active person’s psychological
response to an injury, one must appreciate the impact of the injury on the
person’s life, not just the pathology. The ICF model also acknowledges that
personal and environmental factors influence the response and ability to cope
with injury and illness. The clinician should discuss the impact of the injury with
the patient and try not to assume he or she knows the patient’s goals. For
example, a retiring football player may not want to return to a highly competitive
program but instead may choose to exercise at a recreational level after a
significant injury. The clinician should help motivate and encourage the patient
in a manner consistent with the patient’s values.

Cognitive Appraisal Models

In response to the inadequacies of grief and stage models such as the death-
and-dying paradigm, cognitive-based appraisal models were identified as a
framework for understanding the psychological response to injury. Cognitive
appraisal models suggest that personal (attributes of the individual) and
situational (social and physical environment) factors mediate how people
appraise and respond to their injuries (Brewer 2001). The appraisals affect
emotional responses and subsequently influence behavioral responses (e.g.,



adherence to rehabilitation). Wiese-Bjornstal, Smith, and LaMott (1995)
proposed that cognitive appraisal and grief process models are not mutually
exclusive, and they developed a broader integrated stress process model that
describes the psychological response to injury as well as rehabilitation.
Therefore cognitive appraisal occurs not just once (upon occurrence of injury)
but also as the individual progresses through the healing/rehabilitation process.

Cognitive appraisal models are established from the roots of stress and
coping theories and are predicated on the uniqueness of individual responses to a
physical injury and the recognition that many factors influence how individuals
cope and how well they adhere to a plan of care after injury. Weiss and Troxel
(1986) identified the importance of examining personal and situational factors
for their effect on responses to injury. Grove (1993) identified personality as a
factor that influences the thoughts, feelings, and behaviors of patients during
rehabilitation. Therefore, injury can be viewed as a stressor prompting cognitive
appraisal by the individual, which influences her emotional responses and in turn
affects her behavioral responses. This response process applies both to the injury
itself and to rehabilitation. The integrated model proposed by Wiese-Bjornstal et
al. (1995, 1998) describes the influences of the social environment on response
to injury. The common feature in these models is that an individual’s
psychological and emotional responses to injury depend on his or her appraisal
or understanding of the injury and the stressors present in the context of the
injury and rehabilitation.

Cognitive appraisals are processes through which a potentially stressful
situation is assessed as being stressful and the individual’s evaluation of the
extent of that stress. Appraisals influence the way in which an individual copes
with a stressful situation. Lazarus (1991) defined coping as an individual’s ever-
changing efforts to manage circumstances that are appraised as stressful. The
injured patient is said to experience two forms of appraisals, primary and
secondary (Lazarus 1991). Primary appraisal is an assessment of what is at stake
with respect to challenge, benefit, threat, and harm or loss. Secondary appraisal
is similar to the primary appraisal but involves assessment of the coping options
available to the individual. Therefore, coping varies within individuals and is
dependent upon the circumstances (their environment), individual differences,
and the individual’s cognitive appraisals. Recall the case study of the golfer
presented at the beginning of this chapter. His response to injury changed
dramatically after he understood the nature of his injury and the limitations it
was likely to place on his life. He did not progress through stages of response to
the injury, but rather his psychological and emotional responses were altered by
his cognitive appraisal of his injury, what was at stake, and what coping options



were available.

Cognitive appraisal models are distinguished from the stage models in three
important ways. The first distinction is that some or most of the labeled stages
may be absent in the cognitive appraisal models. For example, most injured
athletes do not become depressed (Wegener 1998/1999). Depression can be a
significant barrier to recovery and must be recognized and treated when it
occurs, but its occurrence is the exception rather than the rule. The second
distinction is that the psychological and emotional responses to injury do not
progress in a structured order in the cognitive appraisal models (Wegener
1998/1999; Yukelson and Heil 1998). Injured persons may express little anger
and frustration after an injury, accept their situation and cope, and then become
angry and confrontational after a setback in rehabilitation. Such a response may
also be associated with individuals’ perceptions that their progress is slower than
expected. This response seems to be associated with programs that vary little
from day to day and week to week. The third distinction is that cognitive
appraisal models imply that the individual’s psychological and emotional
responses to injury are affected by his or her understanding of the injury and the
psychosocial environment (figure 2.2). Thus, whether a physically active person
adapts and copes after injury or demonstrates maladaptive behaviors can be
influenced by members of the health care team as well as the patient’s peers,
friends, family, and coaches.



Figure 2.2 A strong support network can help people cope and adapt following
injury.

Again, recall the golfer described at the beginning of this chapter.
Understanding the patient’s perception of the injury and our natural fear of the
unknown is crucial. Had attention been focused solely on the injured shoulder
and not on the person, the golfer’s primary concern and goal may have been
overlooked. More important, however, the certified athletic trainer would have
lost the opportunity to affect the psychological response to the injury. Swinging a
golf club is not standard in shoulder rehabilitation programs. However, including
this activity assured the athlete that his season was not over.

Critical components of the model relate to the mediating role of the
characteristics of the injury, the sport-specific situational factors, interactions
with care providers, individual differences, and the resultant cognitive
appraisals. Knowledge and understanding (cognition) alter the psychological-
emotional response to injury (Wegener 1998/1999). Providing the type and
amount of information that injured people need takes experience and practice.
Some individuals ask a lot of questions and want detailed information. For
others, the information needs to be more general and less detailed. Finding the
right level is important and quite subjective, and success is often achieved
through trial and error by the clinician. Avoid “talking down” or being overly
simplistic, but also do not try to impress and overwhelm the patient with your
knowledge. If an injured person wants more information than he has been



provided, he may lose confidence in the care provider and become less
compliant with the plan of care. However, someone who feels overwhelmed by
information will be confused and anxious, resulting in the same negative
outcomes. Clinicians must listen and observe; the initial evaluation is a critical
time to promote effective coping after injury. Similarly, it is important to
continually monitor the patient for changes throughout the rehabilitation process.

Personality and Environmental Influences

One’s ability to cope after injury is influenced by many factors that can
produce varying emotional and behavioral responses. Some people are natural
worriers, tending to overreact to life’s frustrations, whereas others seem to
manage the ups and downs effectively. Someone’s ability to cope also depends
on his or her current situation and life stressors. An athlete who coped
effectively with an off-season injury in high school may maladapt to a similar in-
season injury in college because the college environment, the pressure to return
to competition, and decreased daily support from family, teammates, and
coaches make for different stressors and coping resources (Wegener 1998/1999).
In addition, an important component of the treatment plan is an objective
assessment of the patient’s response to injury.

Emotional Responses

The ways in which people appraise their injuries influence their emotional
responses (Walker, Thatcher, and Lavallee 2007). Musculoskeletal injuries
generally produce negative emotions. Tension, anger, depression, frustration, and
boredom are common. It is important to remember that emotions are in constant
flux and are influenced by a variety of internal and external factors such as
personality, situation, and available support resources. These emotions occur at
the onset of injury and usually are temporary as the person copes and begins the
rehabilitative process. Wiese-Bjornstal et al. (1995, 1998) propose that if
emotions are appropriately controlled and focused, they may have a positive
effect on coping. McDonald and Hardy (1990) discussed the importance of
athletes’ accepting the reality of the injury and of experiencing and expressing
their fluctuating emotions so that they can eventually progress toward
concentrating their energy on recovery.

Although we have said that most injured athletes do not experience
depression after sustaining an injury, several studies have pointed out that a



minority of injured athletes do experience extreme responses, such as depression
and suicidal tendencies, at levels that call for clinical referral (Smith et al. 1990).
Recent data indicate a growing prevalence in the percentage, types, and severity
of mental illnesses in young adults, thus prompting efforts to develop plans for
the recognition and referral of psychological concerns in collegiate student-
athletes (Neal et al. 2013). This point reminds the clinician that the
psychological response to injury is a complex and dynamic process, not a
standard condition that can be applied to all individuals. Experts (Grove 1993;
Brewer 2001; and Wiese-Bjornstal 1998) have suggested that personal factors
(e.g., self-esteem, self-worth, self-confidence, self-efficacy) continually exert
their effects on the individual’s psychological response to the injury throughout
rehabilitation.

Emotional responses to injury are influenced by various components of self-
perception: self-worth, self-confidence, and self-efficacy. These components of
self-perception have been examined in the sport injury literature and have been
found to influence emotional and behavioral response to sport injury. How we
view ourselves does not prevent us from experiencing negative emotions when
we are injured, but it determines the degree and severity of those emotions and
how long it takes us to cope and progress toward positive emotions and
behaviors. The reciprocal relationship is easily understood—high self-perception
tends to produce quicker coping and transition to rehabilitation (McDonald and
Hardy 1990; Bianco, Malo, and Orlick 1999; Brewer, Linder, and Phelps 1995).
The initial negative emotions are often accompanied with thoughts of “what-ifs”
and self-doubts that lead to internally directed anger, but those with strong self-
perception quickly summon their resolve and focus their energy on working
diligently during recovery.

Although not extensively examined in the research, positive emotional
responses to injury have been purported to occur. For example, athletes may
express relief, as injury removes the external pressures imposed by parents,
coaches, and teammates or the internal pressures created by their own
perfectionism or commitment. An example of this was presented by Wiese-
Bjornstal et al. (1998) in a case report when an adolescent female star basketball
player initially expressed disappointment that her second major knee injury in
two years was not diagnosed as an ACL tear. When a subsequent diagnosis
revealed it was a torn ACL and would require surgery, she expressed relief, a
“positive” emotion. She was tired of being the star player and saw injury as her
way out of an unbearable situation.

It is also possible for high levels of self-perception and self-worth to be
detrimental and lead to negative emotions and an inability to cope. People may



base their self-perception primarily on how much they contribute to or gain
status from their given environment. They may find it difficult to identify coping
strategies when their self-perception is threatened, leading them to act out their
frustration through negative behaviors. For instance, a collegiate athlete may feel
like an important member of the team based on her role as a starter and her
successful performances, and she may gain little of her self-worth from her
efforts in the classroom. When an injury removes her from participation on the
team, she may appraise her situation with despair and become negative and
reclusive. The elimination of sport participation can pose difficulty for
participants because such an important part of their lives is temporarily taken
away (Gould et al. 1997a; McDonald and Hardy 1990; Udry et al. 1997). Tracey
(2003) identified the choice to continue attending practices while injured as an
emotionally difficult experience that influenced the athlete’s affective states.

Experts have discussed the concepts of invulnerability and “athletic
masculine identity” as factors that establish the identity of the individual and
contribute significantly to emotional responses (Messner 1992; Young, White,
and McTeer 1994). They suggest that many athletes, especially those with high
self-perception, may possess these characteristics, which contribute to their self-
confidence and sense of self-worth. An injury can take a profound emotional toll
because the athlete normally considers himself strong and invincible. Loss of
fitness, independence, and status on the team results in difficult emotions for the
athlete and threatens his perception of invulnerability and identity.

The clinical care team cannot influence all of the factors that promote a
maladaptive response. However, a holistic approach to care for physically active
people will improve your understanding of their situation. It is essential for
athletic trainers and clinicians to foster an environment that promotes attention
to the individual’s needs. Crowded, noisy facilities can leave the injured person
asking, “Does anybody care?” Such an environment also diminishes the
likelihood of identifying maladaptive behaviors, intervening within the limits of
one’s training and ability, and making appropriate referrals (Fisher and
Hoisington 1998; Fisher et al. 1993).

An injury will force the patient to adapt. Whether that adaptation is
functional or dysfunctional depends on many factors. Certainly the severity of
the injury, timing of the injury, and the athlete’s coping resources strongly
influence the response. The psychological and emotional responses do not
proceed through a common sequence of stages—they can differ significantly
from person to person and within the same person under different circumstances.
The care provider must create an atmosphere conducive to compliance with
rehabilitation, must respect the unique nature of each person’s response, and



must identify barriers to treatment compliance and recovery.

Behavioral Responses

As we have indicated, behavioral responses to athletic injury are predicated
upon the athletes’ appraisal of their situation and their subsequent emotional
responses. The direction and nature of behavioral responses that will affect their
adherence to rehabilitation (Duda, Smart, and Tappe 1989; Fisher et al. 1993;
Fisher and Hoisington 1998) include the use of psychological skills (Rotella and
Heyman 1993; Ievleva and Orlick 1991), the use of social networks (Pearson
and Jones 1992), and risk taking (Rose and Jevne 1993). Experts, including
Wiese-Bjornstal et al., have found that athletes who adhere to rehabilitation, use
psychological skills, effectively use available social support, reduce risk taking,
and pursue rehabilitation goals with maximum effort and intensity return to
previous athletic levels more quickly than those who do not. Research also
indicates a positive correlation between successful rehabilitation and the most
consistently linked factor to adherence, self-motivation.

The benefit of integrating psychological skills is well documented in the
injury rehabilitation literature. Skills such as goal setting, imagery, and positive
self-talk are associated with rapid recovery of function in athletes with ankle or
knee injuries (Ievleva and Orlick 1991). Others have indicated that relaxation
can positively affect sport injury rehabilitation outcomes. Brewer et al. (2000)
and other experts (Laubach et al. 1996, Murphy et al. 1999) suggest athletes who
use psychological techniques during recovery believe they can influence the
outcome of rehabilitation. Thus, these athletes are more likely to take action to
exert control and follow their injury rehabilitation program more completely.

Social support is an important component in dealing emotionally with being
injured as well as during recovery (Gould 1997a and 1997b; Gyurscik 1995;
Rose and Jevne 1993; Udry 1997). Social support is considered a buffering
factor that mediates the stress-injury relationship. Not only does social support
help the person cope with the stress of injury, it also provides a feeling of
attachment to others. Athletes have identified the lack of social support as a
stumbling block in recovering from an injury. For athletes, the most common
sources of social support are family, friends, athletic trainers, sport psychologists
and researchers, teammates, coaches, and other health care clinicians. A key part
of providing support to injured athletes is to avoid erroneously assuming that
you understand their subjective experience. While the clinician may have an
extensive history and background in treating a particular type of injury, it is very
likely to be the patient’s first experience with it. Clinicians should take steps to



enhance their insight and establish clear communications with the patient to gain
a complete picture of the injury and the athlete’s emotional state.

Tracey (2003) identified the medical staff—that is, the athletic trainer—as an
important source of support for injured participants, who may rely on the
trainer’s input for information upon which they base their emotional responses.
Some athletes have reported consciously suspending their emotional response
until they have communicated with the athletic training staff. Therefore, it is
vital that clinicians be aware of the potential impact of their verbal assessments
and nonverbal expressions, such as facial expressions, on the injured person’s
experience. The tone with which information is communicated is valued
tremendously and received intently by the athlete. This exchange will dictate the
patient’s mood for the rest of the day and will set the tone for the rest of the
rehabilitation process. With experience, the clinician will become more apt to
communicate honestly while minimizing dramatization, depending on the
individual characteristics of the patient.

As the patient progresses through the rehabilitation process, the thought of
returning to participation evokes emotions of enthusiasm as well as apprehension
and hesitation. The fear of reinjury is not a predominant concern for most
people; rather, the injury has become a learning experience and has taught them
to be more cautious. They have learned to take care of themselves and not to
take anything for granted. It is important for the clinician to realize that the
conservative behavior demonstrated upon return to activity is not from fear or
lack of motivation.

Assessment of Fear

A plethora of tools and instruments are available to assess psychological
well-being and overall health; some are generic, while others are oriented to
disease, anatomic region, or a specific dimension of health, such as fear.
Depending on treatment setting and patient characteristics, assessment of fear
may not be universally appreciated and practiced. Athletic trainers in traditional
settings (competitive athletics) generally do not encounter athletes who
experience fear. In contrast, clinicians working with adolescent or elderly
patients may need to address fear of reinjury or pain from their patients.
Nevertheless, the assessment of fear can play an integral part in developing the
treatment plan as well as being an effective means of demonstrating treatment
outcomes.

The Fear-Avoidance Beliefs Questionnaire (FABQ) and the Tampa Scale for
Kinesiophobia (TSK) are dimension-specific instruments that are commonly



used to assess patient fear level. Many subsets of these two instruments have
been developed, and both are available in many languages, including English,
Japanese, German, and Norwegian. These items are usually administered in
hard-copy form and take approximately 5 to 10 minutes to complete (depending
on the version); Internet and computerized versions have also been developed.
As with any form of assessment, clinicians should seek information about an
instrument’s validity, reliability, and population specificity before using it with
patients. These instruments are most commonly used to assess fear level in
patients experiencing low back pain, but they have also been used with knee and
hip injuries. It is beyond the scope of this text to expound upon the specifics for
each of these instruments, but we do encourage all clinicians to investigate
applications that fit their setting and consider integrating them into their clinical
practice. The importance of clinical outcome measures with rehabilitation is
discussed in chapter 3.



Maximizing Compliance With a Rehabilitation Plan
of Care

The success of any injury rehabilitation program is not just based on the
expertise of the clinicians and their use of evidence-based techniques but also on
the patients following the prescribed program. A positive relationship has been
established between adherence to rehabilitation and clinical outcome. Adherence
refers to the degree to which an injured person complies with instructions. This
applies to in-person (in the clinic) treatment sessions as well as to prescribed at-
home exercises and regimens.

Clinicians presume that patients will behave rationally to maximize their
self-interest, but patients may not be the rational individuals we imagine.
Athletes have reported frustration and boredom in response to rehabilitation
programs that are not challenging or progressing toward their intended outcome.
Adherence rates to sport injury rehabilitation have been found to range from
40% to 91% (Brewer 1999). As the process of tissue healing involves a sequence
of physiological responses, it is important for the injured person to adhere to the
established rehabilitation schedule.

Medical, psychological, and sociological experts have recommended various
models to support and enhance patient adherence to rehabilitation and
management of chronic diseases. From these models, three approaches have
been adapted specifically to rehabilitation from sport injury: (1) protection
motivation theory, (2) personal investment theory, and (3) cognitive appraisal
models. Information provided in this chapter is not intended to be an all-
inclusive instructional manual for each proposed model. Rather, the aim is to
present specific concepts from each that can be applied in the rehabilitation
setting.

Protection motivation theory is based on two cognitive processes, threat
appraisal and coping appraisal, that determine the patient’s adherence to health
behaviors. Threat appraisal involves patients’ perceptions of vulnerability—how
severe the threat to their health is and how susceptible they are to the health
threat. Coping appraisal involves their perceptions of how likely the course of
action will be to reduce or prevent the threat (response efficacy) and how able
they are to perform the prescribed health behaviors. Adherence is highest when
patients perceive the health threat as significant, consider the treatment effective,
and consider themselves able to carry out the treatment. A patient who has
undergone ACL reconstruction should be educated on how dysfunctional gait



alterations will occur if range of motion is not properly reestablished, while also
being shown how the prescribed exercises will restore motion and how others
have achieved successful outcomes with these exercises.

Personal investment theory is based on the injured person’s subjective
interpretation of the meaning of the rehabilitation process, which influences
personal investment and in turn her behavior. Adherence behavior is determined
by personal incentives, a sense of self-belief, and perceived options (Maehr and
Braskamp 1986). Personal incentives are the individual’s subjective goals for
being involved with a particular activity; this could include task incentives, ego
incentives, social incentives, and extrinsic incentives. Sense of self-belief
includes a person’s thoughts and feelings about their existence (e.g., perceptions
of competence and self-reliance, tendency to behave in accordance with personal
goals, sense of relationship with significant others). Perceived options are the
perceived alternative behaviors that can determine motivation in specific
situations (e.g., belief in the efficacy of treatment, knowledge of treatment, plans
for future sport activity). According to this model, individuals who are self-
motivated are less likely to be deterred from participating in rehabilitation, and
those who receive social support are more likely to adhere to the prescribed
program.

Cognitive appraisal models suggest that post-injury behavior is influenced by
emotional responses to injury, which result from interactions between personal
and situational factors. The athlete’s response to injury is influenced by her
appraisal of whether the injury is a threat to her well-being (primary appraisal)
and if she has the resources to cope with the injury (secondary appraisal).
Athletes who make negative appraisals of their injuries will tend to experience
emotional disturbances that negatively influence their adherence to rehabilitation
programs. As we described in the previous section, cognitive appraisals are
influenced by both personal and situational factors. Personal factors include
characteristics such as self-motivation and pain tolerance. Situational variables
include the person’s belief in the efficacy of the treatment, the comfort of the
clinical environment, the convenience of activity scheduling, social support, and
the practitioner’s expectations about patient adherence. The practitioner’s
expectation about the athlete’s recovery is an important factor that influences the
athlete’s cognitive and emotional responses. Positive behaviors and a supportive
environment can encourage the injured person to be less nervous, angry, and
unhappy, leading to better adherence to rehabilitation activities. In addition,
when patients comply with rehabilitation, practitioners will be more energetic
and more helpful, and they will offer more personal attention. As a result, this
cyclical response is posited to have a direct impact on the athlete’s appraisals



and to lead to successful rehabilitation outcomes.

Perhaps the greatest influence on adherence to rehabilitation and a positive
psychological and emotional adaptation after injury is the rapport established
with the injured athlete’s caregivers. Certified athletic trainers are often in a
unique position among health care professionals in that a working relationship
with the physically active person is established before an injury occurs. In
addition, high school and college athletes are usually familiar with the athletic
training room environment, and they have confidence in the ability of the sports
medicine staff to provide a high standard of care.

One major difference between working in a high school, college, or
professional setting and working in a sports medicine clinic is the nature of the
initial encounter with the injured person. Because a preestablished rapport
between the injured person and the certified athletic trainer is usually absent in
the clinical setting, patients are uncertain and anxious about what they will
experience. Many general orthopedic patients enter the sports medicine clinic
believing that therapy and rehabilitation are unlikely to relieve their condition or
that it will be a painful experience. Thus, the initial encounter is especially
important. A caring, empathetic demeanor is essential. The certified athletic
trainer must learn about the problem in terms of the injury, impairment,
disability, and handicap. The injured person should leave with an understanding
of these issues, the program that will be used to address rehabilitation goals, and
his or her responsibilities in resolving the problem. Conducting a successful
initial evaluation in a sports medicine clinic requires practice, refined attention to
verbal and nonverbal communication, and portrayal of oneself as a competent,
caring health care provider.

Set Goals

The importance of setting obtainable yet challenging short- and long-term
rehabilitation goals has been noted by sport psychologists and sport
rehabilitation specialists (Gieck 1990; Locke and Latham 1985; Worrell and
Reynolds 1994). Often these goals seem obvious to the certified athletic trainers
and physical therapists; however, they are novel to the injured person. Figure 2.3
shows short- and long-term rehabilitation goals for the senior golfer with the
sore shoulder described earlier.



Figure 2.3 Short- and long-term goals for an injured golfer.
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The injured person and the clinician must agree on rehabilitation goals. Often
clinicians establish treatment goals without listening to what the patient views as
important. On the other hand, the clinician cannot base a rehabilitation program
on unrealistic goals expressed by the patient. Injured athletes tend to look only at
the ultimate goal: return to competition. Often their expected time frame for
achieving the ultimate goal is unrealistic, and important steps in a progressive
plan of care are ignored. By incorporating athletes’ ultimate goals into the plan
of care, you can educate them on the need to achieve simpler, short-term goals
(e.g., achieve full knee range of motion) as part of the comprehensive plan to
achieve the ultimate goal (e.g., return to playing varsity soccer after anterior
cruciate ligament [ACL] reconstruction).

The injured person may not value the short-term goal until it is placed in the
context of achieving the ultimate goal. Adherence to a plan of care and
achievement of short-term goals are improved when the goals and values are
addressed as the plan of care is formulated.

Establishing short-term goals that are integral to returning to sport has an
additional positive influence, especially when the recovery period is lengthy. The
person recovering from a surgery such as ACL reconstruction can become
frustrated by the perception that day-to-day progress is too slow. This can be
countered by the positive reinforcement provided when short-term goals are
achieved. Short-term goals that can be realistically accomplished in 1 to 3
weeks, yet are challenging, seem to work best. The person who is reminded of
the short-term goals accomplished can better cope with the frustrations inherent
in a long course of rehabilitation.

Share Responsibility

Treatment and rehabilitation are not done to the injured person but are done



by that person. Through active involvement in establishing goals, the patient
learns what responsibilities he or she has if rehabilitation is to succeed (figure
2.4). You must remember that the injury is not your problem. Often young
clinicians can become overly possessive of the patient and the patient’s problem.
The duty of all health care professionals is to provide a high standard of care, not
to accept all of the responsibility for achieving goals.



Figure 2.4 The injured person should be actively involved in establishing goals
if the rehabilitation plan of care is to succeed.

Physically active people appreciate supervision by a certified athletic trainer
during their rehabilitation (Fisher and Hoisington 1998; Fisher et al. 1993). The
presence of a certified athletic trainer or physical therapist during rehabilitation
encourages athletes to do what is expected of them. In a busy athletic training
clinic, however, daily supervision is not always possible. Furthermore, in the
current managed care environment, most people treated in a sports medicine
clinic must be willing to comply with a program of independent or home-based
exercises due to limitations on the number of covered treatment sessions. Thus,
you must effectively teach and convey the importance of the exercise program.

To increase adherence to a home exercise program, you can (1) have the
person perform each exercise before leaving the sports medicine clinic, (2)
provide written instructions as well as illustrations, (3) provide an exercise log to
record performance, and (4) have the person demonstrate the exercise program at
the beginning of the next treatment session. Proper performance of the exercise
program should be positively reinforced. If an injured person cannot complete
the exercise program, he or she has not complied with the plan of care. In this
situation you must first reconsider the appropriateness of the program. If some
exercises increased pain or were beyond the individual’s capacity, the exercise
program must be modified. However, if the patient has no specific complaints



about the exercise program, a nonjudgmental review of the exercise should
dominate the treatment session. Failure to have successfully completed the
exercise program on the next return visit is strong evidence that the person is
unwilling or unable to accept responsibility for getting better. Although such
people are frustrating to work with, remember that it is their problem, not yours.

Focus on Today

The more time that is needed to complete a rehabilitation plan, the more
imposing the task will appear. Patients can get lost in the big picture of their
rehabilitation and lose focus and motivation. Thoughts can become irrational and
catastrophic. “I will never be able to play again” is sometimes heard from those
who are frustrated by the pace of their recovery and anxious about the future.
You can help such patients work through these problems by focusing on what
can be accomplished today. Successful rehabilitation requires a lot of small
accomplishments, not a miracle cure. Focus the injured person on the short-term
goals to be achieved today or this week. Be patient and empathetic. Use thought
stopping and positive imagery, as well as examples of successful outcomes, to
combat irrational thinking and help the individual during periods of frustration
and doubt. For example, after a lateral ankle sprain, a soccer player becomes
frustrated by his slow return to full weight bearing. His thought, “I will never be
able to play again,” is stopped and replaced with “Rehabilitation takes time;
Bobby hurt his knee badly last year but is now playing better than ever.” The
soccer player is encouraged to stop negative thinking, replace negative thoughts
with positive ones, and envision his return to top-level play.

Minimize Suffering

Pain is a universal human experience and a signal that something is wrong.
Pain is usually what causes people to seek medical care. Although nearly
everyone experiences pain, the psychological and emotional responses are very
individual. One of the challenges in health care is understanding each person’s
response in relation to the severity of the injury or illness.

Pain control is almost always the first goal in a comprehensive rehabilitation
plan. Many of the therapeutic modalities discussed in this book have analgesic
(pain-relieving) effects. With a professional and empathetic demeanor and
effective initial treatment (including pain control), the certified athletic trainer
can build a bond of trust with the injured person. If the clinician fails to decrease



the person’s pain during the first one or two treatments, adherence with the
rehabilitation program may decline or the patient may seek care elsewhere.

Physically active people often have a different perspective on pain than
nonactive people, which has important implications for the certified athletic
trainer. Physically active people view the pain experienced in training and
conditioning as a challenge to be overcome. Thus, during rehabilitation, they
may have difficulty distinguishing the pain caused by irritation of healing tissues
(bad pain) from the pain of strenuous effort (good pain), and they may be too
aggressive in rehabilitation. You must help them interpret whether the pain they
are experiencing during and after rehabilitation indicates further tissue injury,
which will ultimately slow their recovery.

Physically active people are very attuned to their bodies. The self-inflicted
pain of conditioning is expected and tolerated. However, the same is not true of
the pain associated with medical procedures and rehabilitation. Byerly et al.
(1994) reported that the more pain athletes experienced during their
rehabilitation, the less they adhered to their plan of care. Athletes, however,
reported that pain during therapeutic exercise was less of a deterrent to
rehabilitation adherence than athletic trainers perceived it to be (Fisher and
Hoisington 1998). Thus, you must monitor the rehabilitation plan closely and
make modifications when self-reported pain affects compliance. Athletes and
athletic trainers agree that an accurate appraisal of the pain to be experienced is
important to adherence with a plan of care. Discuss issues related to pain with
your athletes honestly and with empathy. Those who feel they are suffering
unnecessarily will not comply with a plan of care and will often seek treatment
elsewhere.

Finally, although each person responds differently to pain and injury and
these differences should be respected, physically active people are generally
more willing to begin and progress through a rehabilitation plan. This is
important for the certified athletic trainer who is used to working with highly
competitive athletes; he or she may encounter less-active people in a clinical
environment. Physically active people like to exercise, want to exercise, and feel
comfortable with exercise. There are great differences between physically active
and sedentary people. The sedentary person often struggles to learn therapeutic
exercises, views exercise as a chore rather than a means of recovery, and stops at
the slightest discomfort or exertion. These patients require more instruction and
supervision as well as patience on the part of the health care provider. You must
be sensitive to the lower tolerance for pain and effort as well as the greater need
for positive reinforcement and encouragement in less-active people.



Barriers to Successful Rehabilitation

Injured physically active and relatively nonactive people present for care
with personal and psychological issues that can affect their successful
completion of rehabilitation. Sometimes you can help physically active people
overcome these barriers by building a bond of trust and simply caring and
listening. Sometimes you can identify someone who would benefit from
psychological or psychiatric care. Unfortunately, there are some barriers to
successful rehabilitation that you cannot change. It is important to remember that
the patient has the problem and not to become physically and emotionally
exhausted trying to change what you cannot. This section identifies some of the
barriers to successful rehabilitation that are common to physically active as well
as nonactive people.

Secondary Gain

A physically active person whose performance has not lived up to
expectations may find solace in the fact that he or she tried to play while hurt but
could not. Someone else may avoid the wrath of a boss, or coach, or, in
professional sports, the media through a slow recovery. Others may use an injury
to gain freedom from a sport in which they no longer wish to participate. In
some cases, the individual may perceive that there is more to be gained by not
getting better.

Secondary gain relates to tangible and intangible rewards received after
injury. The notion of secondary gain is more commonly associated with
automobile accident victims with pending civil litigation or injured workers
receiving nearly full salary while away from a job they dislike. However, there
are many forms of secondary gain. Illness and injury can change how others
interact with a person. The injured person may gain additional attention from
parents and others; may be relieved of some responsibilities at home, work, or
school; or may experience other “positive” responses to injury. In some
situations, the rewards of being ill or injured outweigh the rewards of returning
to health.

The pursuit of secondary gain may be a poorly disguised conscious effort or
a more subtle behavioral pattern. There is no single solution to treating the
person who can gain from slow progress or failure. Most work their way through
the system. You must not label someone as a malingerer without thoroughly



reviewing the case (see chapter 5), yet you must also guard against self-doubt
and a sense of failure when those with more to gain by being injured do not
respond to appropriate care.

Substance Use and Abuse

Alcohol and drug abuse continue to be significant problems in our society.
The media have reported on many athletes who have substance abuse problems.
Collegiate athletes also tend to consume more alcohol than the average
nonathletic student. Substance abuse decreases adherence to rehabilitation in
general and especially affects performance of self-care and home exercise
programs. Substance abuse is a sensitive issue, and few certified athletic trainers
and physical therapists receive adequate training in the recognition, not to
mention treatment, of this problem. It is a problem most certified athletic trainers
do not want to confront. Drug and alcohol use increases the risks of, and impairs
recovery from, injury. Thus, all members of the health care team should be
trained to identify substance abuse, and a plan for physician involvement and
appropriate referral for treatment should be implemented to help those with
substance abuse problems.

Social and Environmental Barriers

Injuries require adjustments in daily routine. Rehabilitation that occurs in
both the athletic training room and the sports medicine clinic uses special
equipment and requires a time commitment from the physically active person.
Some people will find it difficult to adhere to a rehabilitation plan because of
personal commitments, time demands, and lack of access to equipment and
facilities. Certified athletic trainers and physical therapists in professional,
college, and high school settings may be less affected by these barriers to
successful rehabilitation than clinic-based providers, but all patients present with
unique circumstances that favor or deter successful rehabilitation.

Patients living in rural areas may have to travel considerable distances for
care. Athletes may find that their local schools have very limited training
facilities. Because they have to travel long distances to the health care clinic,
they may be unable to attend formal therapy sessions as often as they and their
physicians would like. Creative home exercise programs must be developed for
these people to overcome the lack of equipment, facilities, and hands-on care

(figure 2.5).



Figure 2.5 Some physically active people find it difficult to adhere to a
rehabilitation plan of care. Creative plans must be developed to fit the person’s
needs, such as prescribing exercises that can be done at home or with limited
equipment.

Similarly, those with family and work responsibilities may be less compliant
with rehabilitation because they lack support from others who can assume some
of their responsibilities. You must account for these limitations as you develop a
plan of care. Sometimes you will have to modify a program to meet the person’s
needs and accept that the rate of progress may be slower. The injured person
must believe that she or he will be able to complete the rehabilitation program. If
the plan of care conflicts with the time and energy available, the person probably
will not adhere to the rehabilitation plan.

In the traditional setting, injury often also results in separation from a team
and the loss of social support. The certified athletic trainer and the injured
athlete’s coach should explore ways to keep the athlete involved with the team,
which will maximize support from peers and minimize disruption of the athlete’s
daily routine.

Depression, Anxiety, and Sleep Disturbances

People who suffer serious injuries may develop concomitant problems
related to depression and anxiety. These problems and persistent pain alter sleep
patterns, and this further depletes the athlete’s energy and coping resources.



Depression affects many people at some time in their lives. It is estimated
that 9.5% of those over 18 years of age will suffer from depression in a given
year, with 5% of the general population suffering a major depressive disorder
(National Institute of Mental Health 2001). This rate is increased in injured
persons and in patients after spinal cord injury, stroke, and heart attack.
Depression is not a normal stage in the psychological response to injury, but it
can be a significant barrier to successful rehabilitation (Wegener 1998/1999).

Signs and symptoms of depression are discussed in more detail in chapter 5
in relation to persistent pain and somatization. The certified athletic trainer
usually interacts with the injured person more than do other members of the
sports medicine team and is, therefore, in a position to recognize these signs.
Depression is a treatable psychological illness that deserves medical attention.
However, there is a stigma in our society regarding psychological conditions.
When depression affects a person’s rehabilitation efforts, the sports medicine
team must strive to provide the psychological care needed. Failure to recognize
and treat depression will delay or prevent successful recovery from injury and a
return to sport participation.

Anxiety disorders are characterized by excessive worry. The incidence of
anxiety disorders is believed to be less than that of depression, and the effect of
injury on the incidence of anxiety disorders is unknown. It is normal for an
injured person to be anxious about the impact of the injury on her or his ability
to participate, advancement on a team, or potential for a scholarship or
professional opportunities. However, extreme and unfounded worry can lead to
sleep disturbances and can adversely affect rehabilitation adherence. Informal
counseling and relaxation techniques can be very effective in controlling anxiety.
However, if someone continues to struggle, referral for psychological care is
essential.

Depression, anxiety, and pain affect sleep. Anxiety is most often associated
with sleep onset problems, pain with midsleep awakening, and depression with
early awakening (Wegener 1998/1999). Regardless of the cause, a sleep
disturbance affects a person’s mood and general vitality.



Psychological Impact of Persistent and Chronic Pain

When musculoskeletal pain persists, the health care team must consider the
possibility that the source is not exclusively connective tissue. Psychological
disorders can also cause pain that mimics or exacerbates musculoskeletal pain.
Depression and somatization can cause persistent pain. Depression is a common
health condition. Not all patients who suffer from depression report pain or
experience increased sensitivity to painful stimuli, and not all patients who suffer
persistent or chronic pain are depressed. However, there is overlap in the
chemical imbalances associated with depression and sensitization to painful
stimuli. Serotonin and norepinephrine are important modulators of pain signal
transmission in the dorsal horn. Depleted pools of central nervous system
serotonin and norepinephrine are a component of clinical depression, and
medications used to treat depression increase levels of these mediators of neural
activity. Effective treatment of depression requires a diagnosis and targeted
intervention just as the successful care of an injured knee does.

While clinicians treating patients with musculoskeletal pain may not be
trained to treat depression or somatization, recognition and referral for care is
within their scope of practice. One in six (16.5%) people in the United States
will suffer from a major depressive disorder in their lifetime. The 12-month
prevalence is 6.7%; only about half of people with a major depressive disorder
receive treatment. Up-to-date statistics are available at the website for the
National Institute of Mental Health
(www.nimh.nih.gov/health/statistics/index.shtml). It is likely that many patients
reporting musculoskeletal pain suffer from a depressive disorder that contributes
to their symptoms or is the result of an injury or illness. The close working
relationship between athletic trainers and physical therapists and their patients
often provides the opportunity to identify pain caused or exacerbated by
psychological conditions. However, a brief screening with the following
questions was found to be more accurate than physical therapists’ impressions
for identifying patients with low back pain who suffered from depression:

1. During the past month, have you been bothered by feeling down, depressed,
or hopeless?

2. During the past month, have you been bothered by little interest or pleasure
in doing things?



Patients answering yes to both questions were more than four times more
likely to suffer from depression than those who answered no to these questions
(Haggman, Mabher, and Refshauge 2004). Clinicians often recognize the signs
and symptoms of depression and somatization listed in the sections that follow,
but they should not rely only on their impression of the patient to suspect that a
psychological disorder might be contributing to persistent pain.

Recognizing a Major Depressive Disorder

A major depressive disorder is diagnosed by the presence of at least five of
the symptoms listed (Depression Guidelines Panel 1993; Peppard and Denegar
1999). One of the first two must be present. The symptoms must be present
almost daily, for most of each day, for 2 weeks.

Signs and Symptoms of Major Depressive Disorder

e Depressed mood

Markedly diminished interest in or pleasure derived from almost all
activities

Significant weight loss or weight gain

Insomnia or hypersomnia

Psychomotor agitation or retardation

Fatigue or loss of energy

Feelings of worthlessness or guilt

Impaired concentration and indecisiveness

Recurrent thoughts of death or suicide

Features most associated with younger individuals include the following:

e Overeating

e Oversleeping

e Mood that responds to events

e Extreme sensitivity to interpersonal rejection
e Complaints of heaviness in the arms and legs

Somatization Disorder



Somatization is the presentation of somatic symptoms by someone with
psychiatric illness or psychological distress (Lipowski 1998). A diagnosis of
somatization disorder requires a history of many physical complaints including
four pain symptoms, two gastrointestinal symptoms, one sexual symptom, and
one pseudoneurological symptom that are not explained by medical conditions
or intentionally caused. Undifferentiated somatoform disorder (somatization) is
defined as one or more physical complaints, without identifiable cause, that last
for more than 6 months (American Psychiatric Association 1994). The region
and nature of the symptoms often mimic those of musculoskeletal injury. When a
rehabilitation plan of care is initiated but the individual fails to improve, and
other causes of persistent pain are ruled out, a diagnosis of somatization should
be considered.

Persons with somatization disorder can be very demanding and difficult;
however, recognition and appropriate care are to everyone’s benefit. In treating
somatization, the care provider should (1) provide care for a bona fide injury, (2)
develop a sound relationship to prevent the person from fleeing and entering a
pattern of “doctor shopping” (seeking care from one doctor after another in
search of a physical cause of symptoms), and (3) avoid doing harm by
dismissing the person as a malingerer or symptom magnifier.

You should not provide psychological counseling unless qualified to do so.
However, many physically active individuals have benefited from informal
counseling from members of the sports medicine team. The young physically
active person often needs to talk to someone who will listen without prejudging.
Listening to young athletes and reassuring them that their fears and concerns are
common can help them cope with a difficult situation.

The skilled and appropriately trained certified athletic trainer can help
athletes to control their stress response through such techniques as biofeedback,
muscle relaxation, thought stopping, deep breathing, and imagery (Peppard and
Denegar 1994, 1999). Proficiency at these techniques requires formal instruction
and practice, and you should not use techniques at which you are not proficient.

Indications of Somatization

Indications that somatization may be present include the following
(American Psychiatric Association 1994; Lipowski 1998):

e Increased demand on the athletic trainer’s time, including lengthy visits,
frequent appointments, and multiple telephone calls



Frequent requests for treatments that require special attention

Behaviors that demonstrate a need for special attention

Anger when the athletic trainer indicates that the condition has improved
sufficiently to warrant discontinuation of treatment and a return to sport

A history inconsistent with the physical exam

Regardless of your attempts to provide excellent care, patients may fail to
progress toward recovery as expected. Not all injured people get better. Physical
causes of the problem should be sought; however, it is often easier to continue to
search for physical causes than confront psychological ones. The search for
psychological causes begins with communication. Listening and interpreting
nonverbal communication require training, skill, practice, and patience.

Somatic pain of psychological origin is a symptom, a crying out. The sports
medicine team is well prepared to treat the pain of physical injury and illness,
but detecting emotional pain requires skill as well. Sometimes all that a person
needs is a sympathetic ear and reassurance that the stresses he or she is
experiencing are normal. Sometimes the skilled clinician can help patients cope
with stress and uncertainty. Definitive psychological care, however, is often
required. Patients suffering from depression and somatization warrant medical
and psychological attention. The sports medicine team must develop the skills to
identify these problems and refer patients to appropriate resources.



A Word About Placebo

The vast majority of people treated for musculoskeletal conditions believe
that treatments with therapeutic modalities and other interventions recommended
by their care providers will enhance their recovery from injury. This observation
can be explained by the natural history of most musculoskeletal injuries and the
known benefits of treatment with therapeutic modalities and exercise. There is,
however, another influence that the clinician can use to help the injured patient:
placebo. The term placebo, derived from the Latin “I shall please”
(www.oxforddictionaries.com/us/definition/american_english/placebo), refers to
a powerful influence on therapeutic interventions that is difficult to measure.
Placebo is often thought of as a positive response to an inactive intervention
such as providing a sugar pill in lieu of a real medication. However, bona fide
interventions have a placebo effect. Believing that a medication or treatment will
help can benefit the individual.

Placebo is not a treatment effect on gullible or unstable patients. It is a very
real, positive mind—-body response. The clinician who can alleviate the injured
person’s anxiety by accurately assessing the nature and severity of an injury and
establishing a plan for recovery builds a bond of trust. When the clinician and
the patient believe in the chosen treatment course, there is a high probability of
success. How much of an individual response is due to treatment and how much
to placebo? We do not know and can only say that a placebo effect is surely at
work to some degree. Is a placebo effect bad? Absolutely not; the placebo effect
helps people feel better and recover. In fact, today’s managed care system, with
its lack of personal touch and empathy, suffers from the loss of placebo.

Certainly, those who treat musculoskeletal injuries should continue to study
the effects of treatments and rehabilitation programs. However, we should also
remember the power of placebo and view it as a positive influence on recovery.



Summary

The mind—body relationship is complex and strongly influences response to
injury as well as recovery, and a single chapter is not sufficient to cover all
related issues. This chapter discussed the psychological and emotional responses
to injury. The responses are individual and do not proceed through a series of
stages as was once believed. The members of the health care team can facilitate
adherence to rehabilitation, and they should try to identify and address barriers
to successful rehabilitation. Certainly not all of a person’s problems lie within
the expertise and scope of practice of each provider. The health care team should
be prepared to use teamwork and appropriate referral to provide injured people
with the care they need. Finally, the chapter addressed the placebo response, a
poorly understood but positive influence on recovery that can be used to the
injured person’s benefit.

Key Concepts and Review

1. Compare and contrast the contemporary stage model and the
biopsychosocial model of psychological response to injury.

The psychological response to injury has been described as occurring in
stages, based on Kiibler-Ross’ work on death and dying. More recent
literature suggests that the psychological response to injury is highly
individual. People often do not experience all of the psychological
responses described by Kiibler-Ross, nor does their response progress in
ordered stages.

2. Discuss the impact that cognitive appraisal can have on the physically
active patient’s psychological and emotional responses to injury.

The biopsychosocial model of psychological response to injury holds
that a person’s understanding of the nature of the injury, its severity, and the
prognosis, as well as other factors, alter the psychological response. Thus,
cognition, or knowing about and understanding the injury, modifies the
psychological response after that injury.

3. Identify influences on one’s ability to cope with a musculoskeletal injury.

Many factors influence one’s ability to cope with a musculoskeletal
injury. Some, such as the tendency to worry and overreact, are intrinsic.
Others, such as stresses from work, school, family, and athletic
responsibilities and support from friends, family, teammates, and



caregivers, are extrinsic. The health care team cannot control all of these
influences but can help individuals cope more effectively by identifying
those who are struggling and the factors contributing to their stress.

. Identify factors that improve an athlete’s adherence to a rehabilitation plan.

Adherence to a rehabilitation plan can be enhanced by building rapport
with the injured person, setting appropriate short- and long-term goals,
establishing the injured person’s responsibility to the rehabilitation
program, focusing on the task at hand rather than the long haul, and
minimizing the person’s suffering.

. Identify common barriers to successful completion of rehabilitation.

Multiple factors are barriers to successful rehabilitation. Secondary
gain, in terms of money or avoidance of situations or responsibilities,
affects the rehabilitation process. Substance abuse, depression, anxiety, and
sleep disturbances also impede rehabilitation. Family and work
responsibilities and inconvenience of location or timing of appointments
deter the progress of many individuals, especially those outside of high
school and university settings.

. Discuss the assessment of treatment outcomes in the context of natural
history, placebo, and “true” treatment effect.

It is very difficult to determine the true effects of treatments with
therapeutic modalities. Most musculoskeletal injuries sustained by
physically active people heal with time, allowing return to full athletic
participation. In addition, a placebo response is common after treatment by
medical and allied medical professionals. Extensive investigation is needed
to identify which therapeutic modalities facilitate the achievement of
treatment goals and speed the rehabilitation process.



Chapter 3
Evidence-Based Application of Therapeutic
Modalities



Objectives

After reading this chapter, you will be able to

1. define the term evidence-based health care;

2. discuss the role of outcomes assessment in advancing evidence-based

health care;

describe how clinical trials are conducted;

4. identify the components of well-designed randomized controlled clinical

trials;

describe how a systematic review is developed; and

6. identify resources for locating clinical trials of treatments in which
therapeutic modalities were used.

w

i

An active 25-year-old patient presents with a history of recurrent right ankle
injuries. The most recent occurred 2 weeks ago during a basketball game with
some friends. Although the patient can walk comfortably and run with only mild
discomfort, he is seeking advice on prevention of further injuries, particularly
during a hiking vacation planned next month. He also asks about how to best
manage his ankle if reinjury should occur.

Examination and evaluation reveal chronic ankle instability secondary to a
severe ankle sprain suffered while playing high school basketball. How can this
patient’s needs best be met? Clinical preparation and experience suggest that a
progressive balance training program and the use of an ankle brace, especially
while hiking, will reduce the risk of injury. However, how effective will the plan
of care be? What is the risk of reinjury while hiking? Some answers exist in the
research literature, but the information must be located and appraised. The
integration of the available research and your clinical experience with this
patient’s unique presentation and values (for example, canceling the hiking
vacation would be unacceptable) embodies the practice of evidence-based health
care. This chapter is devoted to locating and appraising clinical research that
guides sound clinical decision making.

The practice of evidence-based health care requires the integration of the
best research evidence with the unique presentation of each patient (medical
history, history of current condition, signs and symptoms), the clinician’s
training and expertise, and the patient's preferences and values. In chapters 1 and



2, the sequelae to injury and the challenges of lasting pain are presented. This
background is provided so that the therapeutic modalities that are to be discussed
can be applied with an understanding of the physiology of injury and repair and
an appreciation for the impairments, functional limitations, and disabilities
experienced by injured athletes. In later chapters, the physical principles and
application techniques of contemporary modalities are presented. Issues of safety
and contraindications are highlighted. After the introduction of the modalities,
discussion turns to the when and why of modality application. These issues are
further summarized in chapter 19, in which principles of clinical decision
making are applied.

The answers about the why and when of therapeutic modalities, as well as
other medical interventions, have been and often continue to be based on
practice traditions and theory. Increasingly, health care providers are being called
on to seek out and provide evidence that the interventions they recommend
enhance recovery and improve the outcome of treatment. This search for
evidence may challenge our assumptions, but it allows us to integrate the best
available research into our clinical decision-making process.

In chapters 7 through 15, as well as 17 and 18, the issues of efficacy and
effectiveness of therapeutic interventions are addressed. We provide references
to clinical trials and make practice recommendations based on our reviews.
Reading these sections should not substitute for individual effort. Each clinician
is responsible for the decisions he or she makes based on the information
available. Reviewing, analyzing, and applying the evidence found in the existing
literature have several potential benefits for the patient, clinician, and health care
system. First, critical review may lead to the discontinuation of treatments that
may do more harm than good and of ineffective treatments that only delay
appropriate care. Furthermore, such efforts identify how effective treatments
may be rendered in the most cost- and time-efficient manner. This process also
helps focus attention on what is really important: Did the patient get better, and
if so, was this really the result of the treatment?



Need for Evidence-Based Practice

Health care is complex, costly, and essential. The cost of health care can be
assessed not only in terms of money spent but also in terms of time required of
patients and providers. The challenge across health care is to provide the care
needed to optimize treatment outcomes in the most efficient manner. The
challenges facing the health care system of patients, providers, and payers are no
less a concern in athletic training than in other health care disciplines. To meet
these challenges, treatment regimens need to be analyzed and compared based
on the outcomes and costs of care. Those treatments not demonstrated to
improve outcomes should be abandoned from general practice. For example,
Deyo et al. (1990a) reported that transcutaneous electrical nerve stimulation
(TENS) as a sole intervention is ineffective in the management of chronic low
back pain. This does not mean that a particular modality like TENS is of no
value. Further study of some treatments may be warranted to identify medical
conditions, circumstances, or populations (patients without contraindications
treated for pain associated with acute rib fracture) for which the treatments are
effective (Oncel et al. 2002). New evidence should be evaluated and, when
appropriate, should change how clinicians practice. Moreover, new research and
systematic reviews of existing research may also result in new practice
recommendations for all clinicians.

Many tools have been developed to assess the outcomes of treatment with
medications and surgery as well as modality application and therapeutic
exercises. Assessment of treatment outcomes often includes clinician-derived
measures such as changes in range of motion and strength. However,
information provided by patients about levels of pain, functional limitations, and
perceived disability is also vital. Reports of treatment outcomes based on
clinician assessments and patient self-assessments are increasingly available to
guide the clinician’s selection of effective treatments with therapeutic modalities
and exercises. Clinicians must be able to identify pertinent literature, assess the
validity of the conclusions drawn by investigators, and judge the extent to which
the results of clinical trials generalize to the people they treat.

At this point you may question why published clinical trials are important to
modality use specifically and health care in general. When a patient under your
care reports improvement, can you not be certain that your treatment was
beneficial? Unfortunately not! Many factors can lead to improvements. Often
improvement occurs with the passage of time (natural history of the condition).



Simple reassurance that a condition is not serious and that recovery is nearly
certain, along with other efforts to reassure and empathize, can result in
perceived improvement. True placebo and the effects of other interventions such
as exercise may also explain the perceived benefits of modality application.
Given that many things may contribute to reports of improvement and
demonstrable functional recovery, how do we decide the best course of
treatment? Searching the literature for clinical trials on various treatments can
yield valuable information, and this process is introduced in the next section.
The literature, unfortunately, is lacking in many areas of athletic health care. For
example, evidence may exist for the effectiveness of a treatment in managing
nonathletic patients but generalization of the research to an athletic patient in
your care may not be appropriate. Clearly a great deal of research is needed to
better define those treatments that are truly beneficial in the management of
specific patients. This is not laboratory research but rather research that must be
conducted in the practice setting and must involve the clinicians providing care.



Finding and Assessing the Evidence

The widespread practice of evidence-based health care was made possible by
advances in information technology. Years ago, the identification and retrieval of
research in a library might have taken days; now thanks to the Internet we can
conduct searches on a personal computer, tablet, or phone in a matter of minutes.
Searching the databases, however, is a skill, and the clinician has many choices
in where to search. Following are selected databases that we use to find research
and practice guidelines related to the diagnosis and treatment of musculoskeletal
conditions and the effectiveness of therapeutic modalities.

e PubMed (aka Medline via PubMed) (www.ncbi.nlm.nih.gov/pubmed) is
supported by the U.S. National Library of Medicine and provides links to
abstracts and full-text papers in scholarly journals concerning health care
and medicine.

e Scopus (www.scopus.com/home.url) is an international database of research
from more than 20,000 publications, including research in health care and
medicine.

e PEDro: The Physiotherapy Evidence Database (www.pedro.org.au) is
produced by the Centre for Evidence-Based Physiotherapy at the George
Institute for Global Health; it offers access to systematic reviews, clinical
practice guidelines, and original research related to therapeutic
interventions.

e CINAHL Plus with Full Text (https://health.ebsco.com/products/cinahl-
plus-with-full-text) is a database that provides access to scholarly journal
articles in nursing and allied health.

e National Guideline Clearinghouse Comprehensive is a database of full-text
evidence-based clinical practice guidelines and related documents.

While some research can be found in multiple databases, you need to search
several to develop an exhaustive list of research papers devoted to a clinical
question. For routine searches that rapidly yield results we most commonly
search PubMed first. Identifying a database is only the start. All searches require
that a key word or words be entered into a query. The key words are found in the
question being asked; thus the starting point is to explicitly state a clinical
question.

For example, a clinician might ask “Is massage effective in reducing low



back pain?” The search engines do not care about words such as “Is” or “in.”
Moreover, words such as “effective” and “reducing” are the outcomes of interest
and do not relate to the intervention or the patient problem or population. The
“massage” and “low back pain” provide the search terms. The rules for
combining terms varies between databases. In PubMed, Boolean maneuvers that
include operations based on the words AND, OR, and NOT as well as “ ” marks
and * are used to direct the search. In this case we can develop a search string of
(“massage” AND “low back pain”). The words such as AND are always
capitalized. The use of the quotation marks keeps the words in a phrase so that
individual words such as pain are not included. Including “pain” as a single term
would yield all papers related to massage and pain and force the clinician to sort
through more titles than is desirable or necessary. If one wanted to exclude a
type of low back pain, such as pain related to pregnancy, the addition of “NOT
pregnancy” could be included. If pregnant appears rather than pregnancy, the
paper would not be excluded from the search. The judicious use of * allows the
search engine to find all derivatives such that pregnan* would not exclude
papers with pregnant or pregnancy in the title or abstracts.

The use of medical subheadings or MeSH terms allows for the capture of
papers germane to the question that did not include the specific key words. For
example, if you wished to learn about the treatment of poison ivy, you might not
consider the term “Toxicodendron,” which includes shrubs, trees, and vines that
produce allergenic oleoresin, which causes the dermatitis commonly known as
poison ivy. Practice is required to make the most out of database searches, but
once developed, the skills provide rapid access to the literature that supports the
practice of evidence-based health care.

The literature search provides the titles and abstracts of papers containing the
key words. Often these can be quickly scanned to find the papers of greatest
interest. Now the work of critically appraising the research and making
judgments about the applications to one or more patients in your care begins.



Assessing

The improvement of an individual patient may or may not be due to the care
rendered or be attributable to a particular treatment. The body has an incredible
capacity to repair damaged tissues and fend off pathogens (bacteria and viruses).
Thus, in many cases improvement in, or resolution of, a condition may be
expected over time. In the treatment of musculoskeletal injuries, patients may be
exposed to an array of interventions including medications, instructions in rest,
therapeutic exercises, and modality applications. Are all aspects of the plan of
care necessary or even helpful? Answers about what treatments are effective
may lie in the clinical literature. Once a successful search is completed, new
questions emerge as each paper is considered.

Initially it is important to consider the subjects of the research and the
outcomes measured. One may wish to learn whether a combination of superficial
heating and stationary cycling improves mobility in the community for a senior
with knee osteoarthritis. A search may include papers on community mobility
following total knee arthroplasty or research into changes in quadriceps strength
following a 6-week cycling program. Both research projects are related to the
primary question but do not directly address the clinical question. A quick scan
of titles and abstracts is often needed to find the most relevant research. The
more similar the subjects and outcomes measures in a research report are to your
situation, the greater the likelihood you will be able to apply the data to clinical
decisions.

Research data that can guide clinical decision making can be collected by
clinicians or provided by patients. The biopsychosocial model presented in
chapter 2 should be considered when appraising clinical research and practice
guidelines. Measurements of impairments (other than pain) and some aspects of
function can be obtained by clinicians, but these "objective measures" do not
correlate well with participation restrictions and quality-of-life perceptions that
are important to patients. After knee surgery, for example, the strength of the
quadriceps and hamstring muscles is often assessed on an isokinetic
dynamometer. While strength recovery is important, just having strength does
not mean that an athlete will be able to run, cut, jump, or perform in his or her
sport. In general, the clinician will find a mix of outcome measures that include
objective measures obtained by clinicians and patient-generated self-reports that
are useful in guiding recommendations and planning care. When reviewing a
clinical trial, consider whether the measures assessed are really of interest.



Patient Self-Report Instruments

Patient self-report instruments have been developed and validated for several
situations. The most basic are visual analog scales of pain perception (e.g., 0 =
no pain, 10 = worst possible pain). While valuable, learning the patient's
perception of the pain being experienced does not provide a more global
assessment of health. More comprehensive instruments provide information
related to physical and social functioning and sense of well-being. The SF-36
(www.sf-36.org/tools/SF36.shtml) is a commonly administered patient self-
report of general health and function. The eight scales of the instrument provide
summary measures of physical and mental health. The United States National
Institutes of Health provides several assessment instruments through the
PROMIS system (www.nihpromis.org), including some specifically designed for
and validated in pediatric and adolescent patients.

The SF-36 and PROMIS instruments provide a global assessment of health
but lack information specific to particular conditions or structures. Condition-
specific instruments have also been developed to help clinicians better
understand the impact of conditions such as low back pain and knee
osteoarthritis on patients and learn more about the outcomes of clinical care. The
Knee injury and Osteoarthritis Outcome Score (KOOS) (www.koos.nu) is a
patient self-report that addresses symptoms, pain, stiffness, function, and quality
of life in patients suffering from osteoarthritis or other knee conditions. The
Oswestry Low Back Pain Scale (aka Oswestry Low Back Pain Questionnaire)
assesses pain and function in patients with low back pain in 10 subsections. The
KOOS and Oswestry instruments (figures 3.1 and 3.2) illustrate condition-
specific patient self-assessment instruments.



Koos Knee Survey

Today's date: ! ! Date of birth: ! !

MName:

Instructions: This survey asks for your view about your knee. This informaticn will help us keep track of
how your feel about your knee and how well you are able to perform your usual activities.

Answer every question by ticking the appropriate box, only one box for each question. If you are unsure
about how 1o answer a question, please give the best answer you can,

SYMPTOMS
These questions should be answered thinking of your knee symptoms during the last week.
51. Do you have swelling in your knee?

HEVER RARELY  SOMETIMES  OFTEN ALWAYE
O o O (i O
52. Do you feel grinding, hear clicking or any other type of nokse when your knee moves?
HEVER RARELY  SOMETIMES  OFTEM ALWEYE
O O O O O
53. Does your knee calch or hang up when moving?
NEVER RARELY  SOMETIMES  OFTEN ALNRYS
O O O a O
54. Can you straighten your knee fully?
HEVER AARELY  SOMETIMES  OFTEM ALNRYE
O O O (] O
88, Can you bend your knee fully?
HEVER RARELY  SOMETIMES  OFTEN ALWAYE
O O O ] O

STIFFNESS

The following questions concern the amouwnt of joint stiffiness you have experienced during the last week
In your knee. Stiffness is a sensation of restriction or slowness in the ease with which you move your knee
joint,

56. How severe is your knee joint stiffness after first wakening in the morning.

NOKE LD MODERATE  SEVERE EXTREME
O O O a O
87. How severe is your knee stifiness after sitting, lying or resting later in the day?
HONE MILD MODERATE  SEVERE EXTREME
O O O o O
PAIN
P1. How often do you experience knes pain?
HEVER MONTHLY WEERLY DALY ALNAYS
O 0 O O O

Fgure 3.1 Koos Knee Survey,
Papaniad trom Knba njury b5 Oslschihais Oulonme Soose (KHDDS), Aealabla: ware koo fuloocs-sngleh, pol



What amount of knee pain have you experienced in the last week during the following activities?
P2. Twisting/pivoting on your knee

NOHE WILD MODERATE  SEVERE EXTAEME
a O O O O
P3. Straightening knea fully
NCHE WILD MODERATE  SEVERE EXTREME
O O O | O
P4. Bending knee fully
HOHE LD MODERATE SEVERE EXTREME
O O O O O
P5. Walking on flat surface
HCHE WILD MODERATE  SEVERE EXTREME
O O O O O
P6. Going up or down stairs
HOME LD MODERATE SEVERE EXTHEME
O O o O O
P7. Al night while in bed
HOHE WILD MODERATE  SEVERE EXTREME
O O O O O
P8. Sitting or lying
HOHE ML MODERATE  SEVERE EXTREME
O O O | O
P9. Standing upright
HOHE LD MODEAATE  SEVERE EXTAEME
a O a O O

FUNCTION, DAILY LIVING

The following questions concern your physical functicn. By this we mean your ability 1o move around and
to look after yourself. For each of the following activities please indicate the degree of difficulty you have
axparanced in the last week due o your knea.

Al Descending stairs

NOHE LD MODERATE  SEVERE EXTREME
O 0 o 0 O
A2, Ascending stairs
NOHE LD MODERATE  SEVERE EXTREME
a O O O O

For each of the following activities please indicate the degree of difficully you have experenced in the last
week due o your knee.

A3. Rising from sitting
NOKE LD MODERATE ~ SEVERE EXTREME
O O O O O



Ad. Standing

HONE LD MODERATE ~ SEVERE EXTREME
O O O m} O
AS. Bending to floor picking up an object
HONE MAD MODERATE  SEVERE EXTREME
0 o O O 0O
AB. Walking on flal surface
NONE D MODERATE ~ SEVERE EXTREME
| o O ] O
AT. Getting in‘out of car
HONE b MODERATE  SEVERE EXTREME
o O O O |
AB. Going shopping
HONE [T MODERATE  SEVERE EXTREME
O O O a O
A9, Putting on socks/stockings
HONE MED MODERATE  SEVERE EXTREME
g a O O O
A10, Rising from bed
NONE MALD MODERATE  SEVERE EXTREME
| O O O O
A, Taking off socks/stockings
HONE LD MODERATE  SEVERE EXTREME
O O O ] |
A12. Lying in bed (turning over, maintaining knee position)
HONE LD MODERATE  SEVERE EXTREME
O O O O O
A13. Getiing infout of bath
HONE MAD MODERATE  SEVERE EXTREME
| o O (]} O
A14. Siting
HONE MAD MODERATE  SEVERE EXTREME
0 o o O O
A15. Getting on/off tollet
NONE MALD MODERATE  SEVERE EXTREME
O O O O |

For each of the following activities please indicate the degree of difficulty you have experienced in the last
week due 1o your knee.

A16. Heavy domestic (moving heavy boxes, scrubbing floors, etc.)
NOHE (T MODERATE  SEVERE EXTREME
| o O O O



A17. Light domestic (cooking, dusting, stc.)

HONE LD MOOERATE ~ SEVERE  EXTREME
a 0 O O )

FUNCTION, SPORTS, AND RECREATIONAL ACTIWTIES

The following questions concern your physical function when being active an a higher level, The questions
should be answered thinking of what degree of dificulty you have experienced during the last week due
1o your knee.

SP1. Squatting
MONE MLD MODERATE SEVERE EXTREME
(m} O O O o
SP2. Running
MOHE MLD MCODERATE SEVERE EXTREME
o O (]} O [}
SP3. Jumping
MHOHE LD WCODERATE SEVERE EXTREME
(m} o ] a 0O
SP4. Twisting/pivoting on your injured knee
HOHE LD WCCERATE SEVERE EXTREME
[} | O 0 O
SP5. Knealing
HOHE LD WCOERATE SEVERE EXTREME
O 0 O O 0
QUALITY OF LIFE
Q1. How often are you aware of your knee problem?
MEVER MONTHLY WEEKLY DALY CONSTANTLY
o O O O o

Q2. Have you modified your life style to avoid potentially damaging activities to your knees?
NOT AT ALL MALDLY  MODERATELY SEVERELY  TOTALLY
O 0O O O (m}
Q3. How much are you troubled with lack of confidence in your knee?
NOT AT ALL MALDLY  MODERATELY —SEVERELY  EXTREMELY

(m} 0 O O (m}

Q4. In general, how much difficulty do you have with your knee?
HONE LD WMODERATE  SEVERE EXTREME
o | (] O O

Thank you very much for completing all the questions in this questionnaine,



Oswestry Low Back Pain Scale

Please rate the severity of your pain by circling a number balow:
Nopan | 0 |12 3456|7810 unbearalepain

MName Date

Instructions: Please circle the ONE NUMBER In each section which most closely describes your problem.

SECTION 1—PAIN INTENSITY
0. The pain comes and goes and Is very mild
1. The pain is mild and does not vary much,
2. The pain comes and goes and is very moderale,
3. The pain is moderale and does not vary much,
4. The pain comes and goes and is severe,
5. The pain is severs and does not vary much.

SECTION 2—PERSONAL CARE (WASHING, DRESSING, ETC.)
0. | would not have to change my way of washing or dressing in order to avoid pain,
1. | do not normally change my way of washing or dressing even though it causes some pain,
2. Washing and dressing increase the pain but | manage not to change my way of daing it.
3. Washing and dressing Increase the pain and | find it necessary to change my way of doing i1
4. Because of the pain | am unable 1o do some washing and dressing without help.
5. Because of the pain | am unable o do any washing and dressing without help.

SECTION 3—LIFTING
0. | can lift heavy weights without extra pain,
1. | can lift heavy weights but it gives extra pain,
2. Pain prevents me from lifting heavy weights off the flocr,
3. Pain prevents me from lifting heavy welghts off the floor, but | can manage if they are comveniently
positioned, e.g.. on a table,
4, Pain prevents me from ifting heavy weights but | can manage light to medium weights if they are
comveniently positioned.
5. | can only Iift very Bght weights at mosi.
SECTION 4—WALKING
0. | have no pain when walking.
1. | have some pain cn walking but it does not Increase with distance.
2. | cannct walk more than 1 mile without increasing pain,
3, | cannct walk more than 1/2 mile without increasing pain.
4. | cannet walk more than 1/4 mile without Increasing pain.
5. | cannct walk at all without increasing pain.

SECTION 5—SITTING
0. | can sit in any chair as long as | like.
1. | can sit only in my favorite chair as long as | ke,

Figure 3.2 Osweslry Low Back Paln Scale.
Reprinted from Spine Resaarch instiuie of San Dhogo,



2. Pain prevents me from sitting more than 1 hour.
3. Pain prevents me from sitting mone than 1/2 hour.
4. Pain prevents me from sitting more than 10 minutes.
5. | avoid sitting because it increases pain immediately.
SECTION 6—STANDING
0. | can stand as long as | want without pain.
I have some pain on standing but it does not increase with time.
. | cannot stand for longer than 1 hour without increasing pain.
. | cannot stand for longer than 1/2 hour without increasing pain.
. | cannot stand longer than 10 minutes without increasing pain.
5. | avoid standing because it increases the pain immediataly.
SECTION 7—SLEEPING
0. 1 get no pain in bed.
I gt pain in bed but it does not prevent me from sleeping well.
. Because of my pain my normal nights sleep is reduced by less than one quarter.
. Because of my pain my normal nights sleep is reduced by less than one half,
. Because of my pain my normal nights sleep is reduced by less than three quarters.
5. Pain prevents me from sleeping at all.

SECTION 8—SOCIAL LIFE
0. My social life is normal and gives me no pains.
1. My social life is normal but it increases the degree of pain.

2. Pain has no significant effect on my social life apart from limiting my more energetic interests,
e.g., dancing.

3. Pain has restricted by social life and | do not go out very often.
4. Pain has restricted by social life to my home.
5. | have hardly any social life because of the pain.

SECTION 9—TRAVELING
0. 1get no pain when traveling.
| get some pain when traveling but none of my usual forms of travel make it any worse,
. | get extra pain while traveling but it does not compel me to seek alternate forms of travel.
. | get exira pain while traveling, which compels me to seek alternative forms of travel,
. Pain restricts me to short necessary journeys under 1/2 hour.
5. Pain restricts all forms of travel.

SECTION 10—CHANGING DEGREES OF PAIN
0. My pain is rapidly getting better.
My pain fluctuates but is definitely getting better.
. My pain seems to be getting better but improvement is slow.
My pain is neither getting better nor worse,
. My pain is gradually worsening.
. My pain is rapidly worsening.
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Efforts continue in developing instruments specific to injured athletes such
as the Disablement in the Physically Active Scale (Vela and Denegar 2010).
Self-report instruments provide the clinician an opportunity to understand the
consequences of injury and illness as the patient views them from a
biopsychosocial perspective. The information gathered also permits assessment
of whether the treatments provided by health care providers really make a
difference in the outcome after injury or illness. The development and validation
of self-report instruments is time-consuming and costly. However, the data



provided are critical to the advancement of evidence-based health care.

Clinical Trials on Effectiveness and Efficacy

After considering the characteristics of patients studied and the data collected
in a clinical investigation, you should consider the study’s validity and whether
the results can be generalized into your practice. Clinical trials can address the
efficacy or the effectiveness of health care procedures. Effectiveness is defined
as the result of interventions applied during routine daily practice. Efficacy is
best established through randomized controlled clinical trials (RCTs) in which
efforts are made to control for all threats to the validity of the data. In simpler
terms, RCTs try to link the differences observed within a group or between
treatment groups to the manipulation of the treatment variables. For example, if
an investigator wished to learn if TENS reduces pain following a rib fracture,
patients might be assigned to receive functional TENS or a sham treatment. All
care of the patients would be identical in all other aspects. Thus, any differences
in pain relief between the groups would only be attributable to the application of
TENS.

RCTs are not the only clinical research design. Cohort studies, case control
studies, and case series reports are critical to clinical research. Sometimes it is
not ethically or practically possible to randomly assign patients to treatment
groups. If a condition is uncommon it may not be reasonable to try to assemble a
sample large enough to conduct a useful RCT.

Clearly, well-designed RCTs account for the effects of multiple factors,
including the passage of time (natural history), placebo, investigator bias, and
subject bias that can compromise the validity of data. However, the application
of therapeutic modalities rarely occurs as an isolated treatment. Following a rib
fracture, patients may need medication for pain relief, and the type and amount
of medication consumed will affect our ability to attribute a portion of pain relief
to TENS unless all patients receive the same medication regimen. Studies that
compare cohorts of patients exposed or unexposed to TENS may be more readily
generalized to everyday clinical practice, where multiple treatments (medication,
taping, therapeutic modalities, etc.) are often applied. The limitations of cohort
designs can best be understood by examining the best approaches to conducting
an RCT.

In an RCT, patients or subjects are randomly assigned to treatment groups.
All patients within a group receive the same treatment (e.g., TENS), but the
treatment will differ between groups (e.g., patients in one group may be treated
with a sham or inoperable TENS device). To the greatest possible extent,



subjects, clinicians, and evaluators are all kept in the dark about which group
receives which treatment. Natural history (improvement over time exhibited by
patients receiving a sham or control) and placebo effects (improvement due to
belief that a sham treatment is effective) can bias the data; they must be
controlled in order to truly assess the effect of therapeutic modality application
on treatment outcomes. High-quality RCTs on the care of active populations
have become more numerous and more easily accessed in the past decade.

We can turn to the management of lateral epicondylitis (tennis elbow) for an
example of the process. lontophoresis, discussed in detail in chapter 8, is often
administered by certified athletic trainers and physical therapists in the treatment
of lateral epicondylitis. Each of the authors of this text has done this procedure.
Our collective observation has been that some athletes treated for lateral
epicondylitis with iontophoresis get better, suggesting that the treatment is, to
some extent, effective.

However, when the hypothesis that iontophoresis with a steroidal medication
is effective in the treatment of lateral epicondylitis was tested in a high-quality
randomized controlled clinical trial, the result was that the treatment did not
improve outcomes (Runeson and Hacker 2002). Such studies provide far
stronger evidence of benefit, or the lack thereof, than individual observations. It
is quite possible that benefits we have observed in response to iontophoresis
were attributable to factors other than that intervention, factors we could not
control for at the time of treatment.

Interestingly, some of the third-party health insurance providers we work
with, including Medicare, no longer reimburse for iontophoresis treatment
because of the lack of evidence of efficacy. Evidence-based medicine is a
strategy not only for improving patient outcomes, but also for guiding public
health policy. This is a dynamic process. As new RCTs and other studies are
published, clinical practice guidelines (discussed later) and health care policies
can be revised. Ultimately, the most beneficial treatments will become the
standard for care, and ineffective treatment will be abandoned. Studies of the
therapeutic modalities discussed in this text are particularly needed.

Table 3.1 presents a hierarchy of study designs in order of control of
confounding variables (see MacCauley and Best 2002 and Domholdt 2005 for
greater detail). The criteria for grading the methodological quality of clinical
trials were developed by the Physiotherapy Evidence Database. While it is
mainly used to grade or appraise RCTs, the instrument also gives us insight into
the threats to data validity that exist when studies lack random assignment.
These guidelines identify those factors that minimize the risk of falsely
attributing favorable treatment outcomes to specific interventions or exposing



data to bias.



Table 3.1 Hierarchy of Study Designs in Order of Control of Confounding Variables

Type of study Important characteristics

Randomized controlled clinical Prospective assignment of subjecta/patients to two or
trial (RCT) mare treatment groups

Cohort study (may be prospec- Investigates tha cutcomes following exposure 1o an inter-
tive or relrospective) vention (may be prospective or retrospective)

Case control study Identifies an outcomes and then saeks to undarstand the

interventions associated with the oulcome (retrospectiva)

Cross-sectional study® Documents health status at a single point in time seek-
ing to compare groups

Case study, case report, and Heaports on one or more cases including conditicn, treat-
case series"# ments, and outcomes (retrospactive)

“Studies lack prospective random assignment and genarally have less conbrol over faciors that threaten validity of study
resuis

#n cases of relatively rare and mane chronic condilions, CASe Series repors may be uselul in identifying eMective treat-
mants, aspacially whan variables of inlerest are objective and highly reproducible

These issues are of particular interest in assessing the efficacy and
effectiveness of therapeutic modalities used to treat musculoskeletal injuries. In
the research conducted by Runeson and colleagues noted previously, the
investigators were able to blind the patients, the clinicians providing the
treatment, and the investigators assessing change as to whether the patient
actually received active medication. Exposure to therapeutic modalities such as
superficial cold or heat cannot be hidden from either the patient or the provider.
Thus, the belief that the treatment is beneficial, rather than the effects of the
treatment, may result in perceived improvement. As noted previously,
prospective cohort studies may better address the effectiveness of health care by
examining the association between exposure (receiving a treatment) and an
outcome of care. When an RCT is not conducted, the validity of data may be
threatened by the same issues addressed in the PEDro instrument, and the
potential for bias must be considered. The critical appraisal of the research
requires more than grading of methodological quality. Clinicians must consider
the patient characteristics, the outcomes measured, threats to data validity, and
the generalizability of findings to their practice. Issues of how data are analyzed
and reported are beyond the scope of this chapter, but they also warrant
consideration. Such appraisal requires training in statistics, which is essential for
clinicians seeking to integrate the best available research into clinical decision
making.

Assessing the Methodological Quality of RCTs

The 11 points identified permit a critical appraisal of the quality of controlled



clinical trials. When there is conflicting information about an intervention,
higher-quality studies are much more likely to reflect the truth. Readers should
be careful, however, not to dismiss a study due to the absence of one or more of

the

criteria listed. In some cases it is not possible, even under ideal

circumstances, to meet all criteria. This guide will help you to sort out those
studies most likely to support sound clinical decisions.

1.

Eligibility criteria were specified. Investigators should include specific
information about criteria for entry into and exclusion from a study. This is
critical when the certified athletic trainer ponders whether the results of a
study can be generalized to an individual case.

Subjects were randomly allocated to groups. Studies in which subjects
are assigned to groups by investigators and studies involving self-selected
group membership introduce the potential for bias on the part of the
researcher or subject.

Allocation was concealed. Treatment group assignment should not be
shared among participants, providers, and evaluators.

The groups were similar at baseline in the most important prognostic
indicators. Investigators should adequately describe the composition for
each of the treatment groups. For most characteristics there is a normal
distribution across the population, and this distribution is reflected in all
treatment groups. Random chance can, however, result in unequal
distributions and should be identified and, when possible, controlled for.
There was blinding of all subjects. When subjects are unaware of whether
they received a “real” or placebo treatment, subject bias is eliminated.
Blinding subjects to treatment may sound simple and in some cases may be.
One could provide real and placebo magnets that look identical. In other
cases, however, such as with TENS (discussed in chapters 7 and 8), it may
not be possible to adequately blind subjects to the treatment they receive.
This issue is discussed in detail by Deyo et al. (1990b).

There was blinding of all clinicians who administered therapy. When
possible, the clinician providing the treatment (e.g., instructing the subject
in the application of a flexible magnet) should not be aware of whether the
magnet is active or placebo. This process prevents the clinician from
introducing bias into the study. As with blinding of subjects, blinding of
clinicians is easily accomplished in some studies and impossible in others.
There was blinding of all assessors who measured at least one key
outcome. When assessors—whether they are taking measurements such as
range of motion or collecting self-report information—are unaware of the



10.

11.

treatment received, the potential of the assessor to bias the results is
removed.

Measures of at least one key outcome were obtained from more than
85% of the subjects initially allocated to groups. Loss of subjects to
follow-up or dropout can occur for a number of reasons. When dropout
exceeds 15%, however, the validity of the results is threatened. For
example, suppose that 100 subjects are randomly assigned to receive
ultrasound or sham ultrasound treatments for Achilles tendinopathy. The
authors indicate that at follow-up, 20 of 24 in the treatment group reported
significant improvement while 20 of 40 in the sham group improved. The
investigators conclude that the 80% recovery in those treated is
significantly better than the 50% in the sham treatment group and that
ultrasound enhances recovery in athletes suffering from Achilles
tendinopathy. A closer look, however, reveals that 20 of 50 in each of the
original treatment groups are improved. Did dropout bias the results?

All subjects for whom measures were available received the treatment
or control condition as allocated. Or, where this was not the case, data for
at least one key outcome were analyzed by intention to treat.

The results of between-group statistical comparisons are reported for
at least one key outcome. Statistical analysis controls for random
fluctuations in the populations and provides estimates of the extent to which
outcomes attributed to treatment effects were due to chance. A low
probability that results were chance events strengthens the validity of study
conclusions.

The study provides both point measures and measures of variability for
at least one key outcome. Reports of clinical trials should provide
information about change over time and estimates of variability in outcome
measures and thus responses to treatments.



Systematic Review and Practice Guidelines

The ability to search and critically appraise the research literature is an
essential skill for the practicing clinician. Individual clinicians cannot, however,
devote the time to collecting and critically reviewing the literature on each
diagnostic test performed or each therapeutic intervention rendered. This is
reality for all health care professionals.

It is also important to understand that the results obtained from the study of a
sample of patients may not reflect the response that would be obtained from the
study of the entire population from which the sample was drawn. This is one of
the reasons that two clinical trials addressing the same intervention on similar
patients may come to different conclusions. In general, results obtained from the
study of a large sample are more likely to reflect the truth than those from the
study of a smaller sample provided that the methodological quality is similar.

The fact that multiple articles on the same topic offer different conclusions
further adds to the challenge of evidence-based clinical practice for the busy
clinician. How many articles must be retrieved and appraised to ensure the
integration of the best available evidence? Relief to the burdened clinician is
sometimes found in the availability of a systematic review or clinical practice
guideline.

Systematic reviews are research efforts in which data are acquired from
existing literature through a planned and thorough search process. Data acquired
through systematic review may undergo statistical analysis through a process
called meta-analysis. Because data from multiple studies are combined, one can
have greater confidence in the conclusions drawn from the analysis. Remember
the benefits of larger samples. Thus, when well-conducted systematic reviews
are available, the clinician may find powerful evidence in a single article and be
able to avoid a detailed search and careful appraisal of multiple articles. Recall
the discussion at the beginning of this chapter about the management of an ankle
sprain. There have been several studies on the effects of balance training
following ankle sprain. However, a systematic review such as the one by
McKeon and Hertel (2008) may provide the evidence you need to help the
patient in question. Essentially, the hard work of appraising individual articles is
completed by the authors of such reviews, permitting more time for the
integration of the best available research into one’s clinical practice.

Systematic reviews are research efforts and, as with RCTs, the
methodological quality can affect the conclusions drawn. The research methods



of a systematic review are presented in the methods section of the article as is
typical of other types of research reports. Appraising the methodological quality
of a systematic review is beyond the scope of this chapter, but the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines available at www.prisma-statement.org provide an excellent tutorial.
Systematic reviews need careful appraisal, especially since the subjects or
patients included may be diverse, and generalization of results needs careful
consideration. However, a growing number of high-quality systematic reviews
can be applied to everyday clinical practice.

In an effort to apply and disseminate new information, several professional
groups have authored evidence-based practice guidelines. Evidence-based
practice guidelines are developed by groups of authors with recognized expertise
in the professional organization. Like the authors of all systematic reviews, these
groups assemble and evaluate the existing literature using preestablished criteria.
The Cochrane Collaboration (http://www.thecochranelibrary.com) is an example
of this process. A team of authors reviews available clinical research and
develops recommendations for the wuse or discontinuation of specific
interventions and identifies areas where further research is needed. Similar
processes are used to develop practice guidelines for many professional groups
and organizations.

The number of evidence-based practice guidelines in sports medicine and
athletic training has increased, but few if any address the application of
therapeutic modalities in the treatment of active and athletic populations. New
guidelines are important to the evolution of evidence-based practices. Recalling
the framework of evidence-based practice, however, remember that guidelines
are not complete truths, recipes, or protocols. A consensus of experts
independently reviewing the available literature does offer a strong measure of
credibility, but, as noted previously, each patient requires unique and
personalized care, and guidelines are dynamic. New research may emerge that
will cause clinicians to change how they practice before practice guidelines can
be revised. This takes us back to the primary issue addressed in this chapter: Be
prepared to integrate, and base your decisions on, the best currently available
evidence.

Clinical practice will never be based exclusively on practice guidelines and
the critical review of clinical trials. To conclude this chapter, we again return to
the definition of evidence-based practice: The integration of the best research
evidence with clinical expertise and patient values. Each patient and each
clinician is unique. Patients vary in terms of health histories, coexisting
conditions, and personal preferences. Clinicians vary in experiences and skills.



Ultimately each clinician has a responsibility to provide care that best addresses
the patient’s condition and needs while avoiding treatments that add to the costs
but do not improve outcomes. The integration of the best available evidence into
daily practice facilitates the achievement of these objectives.

In later chapters we refer to some of the published clinical trials, systematic
reviews, and practice guidelines available. It is not possible to complete a
thorough analysis of all of the available literature within a single volume.
Furthermore, new studies have been published since the revisions to this text.
Most important, you should not rely solely on our interpretations. What is vital is
that the student and practicing clinician use the literature, engage in evidence-
based health care, and provide the most effective treatments available.



Summary

This chapter introduces key concepts linking evidence-based practice to the
application of therapeutic modalities. An overview of evidence-based practice
precedes discussion of the role that current evidence should play in
recommending the application of a therapeutic modality. Strategies for locating
and appraising the methodological quality of clinical research are then presented
to provide a foundation for exploration of research related to the modalities and
treatments discussed throughout Parts III, IV, V and VI. The sources of data that
guide clinical practice include both clinicians and patients. Patient self-reports
are discussed to emphasize the outcomes that are most important to patients. The
focus then shifts to the types of clinical research available to the clinician and
important considerations for a critical appraisal of the research.

Key Concepts and Review

1. Define the term evidence-based health care.

Evidence-based health care, as defined by Sackett et al. (2000), is the
integration of the best research evidence with clinical expertise and patient
values.

2. Discuss the role of outcomes assessment in advancing evidence-based
health care.

Outcomes assessment is necessary for determining whether the
treatments rendered to patients result in greater or more rapid recovery or
reduce the incidence of reinjury. Some outcomes measures can be obtained
by clinicians, but patients’ self-reports provide important insights into the
effects of the treatments they receive.

3. Describe how clinical trials are conducted.

Clinical trials involve the study of patients with specific conditions and
their change in health status over time. Randomized controlled clinical
trials (RCTs) randomly select patients into one or more treatment groups.
One or more groups usually are treated with a placebo or serve as a no-
treatment control.

4. Identify the components of well-designed randomized controlled clinical
trials.

The methods of a randomized controlled clinical trial can introduce bias
that may ultimately affect the conclusions of the investigators. Potential



bias can be minimized through true random assignment to treatment groups;
blinding of subjects, clinicians, and assessors to the treatment delivered;
analysis of data as though all subjects completed the study; assessment of
differences between groups at the start of the study; provision of valid
measures of treatment outcomes; and comparison of the results from the
various treatment groups.

. Describe how a systematic review is developed.

Systematic reviews are research efforts in which data are acquired from
existing literature through a planned and thorough search process.
Databases to be searched and search terms are identified prior to beginning
the search. Papers included in the review are selected based on established
criteria. Data acquired through systematic review may undergo statistical
analysis through a process called meta-analysis. The search and analysis
processes are described in the methods section of a well-developed
systematic review.

. Identify resources for locating clinical trials of treatments in which
therapeutic modalities were used.

While there is a need for more high-quality randomized controlled
clinical trials in sports medicine, several databases can assist the certified
athletic trainer in the practice of evidence-based health care. These include,
but are not limited to, CINAHL (nursing and allied health cumulative
index), EMBASE (a comprehensive bibliographic database covering the
worldwide literature in biomedical and pharmaceutical fields),
Physiotherapy Evidence Database (an Australian-based initiative to catalog
systematic reviews and clinical trials and grade the methodological quality
of clinical trials), Cochrane database (the Cochrane Collaboration is a
multicenter international project providing high-quality systematic reviews
and analyses of clinical trials across a broad spectrum of medicine), and
SPORTDiscus (database of published articles related to sports medicine).



Part 11
Physiology of Pain and Injury

The body’s immediate response to injury and the process of tissue repair are
complex. The appropriate management of musculoskeletal injuries requires
knowledge of how the physiological events leading to repair and remodeling are
regulated. Pain is another complex phenomenon. Pain is associated with tissue
damage, but it can persist beyond the initial inflammatory response to injury.
Pain can also occur in the absence of tissue injury or inflammation.

Part II of this text provides a strong foundation in inflammation, repair of
musculoskeletal tissues, pain perception, and the clinical management of pain.
These topics are recurrent themes in subsequent chapters as specific therapeutic
modalities and exercise are discussed in the context of alleviating suffering,
promoting repair, and restoring the ability of tissues to resist the forces generated
through sport and physically demanding work.



Chapter 4
Tissue Healing



Objectives

After reading this chapter, you will be able to

1. describe the role of the inflammatory response in tissue healing;

2. identify key events in the acute inflammatory, repair, and remodeling
phases of tissue healing;

3. describe the events and controlling chemical mediators of the acute
inflammatory response;

4. discuss the relationship between the signs and symptoms and the
physiological events characteristic of an acute inflammatory response;

5. discuss the physiological events responsible for swelling associated with
tissue injury, as well as treatment strategies for swelling; and

6. discuss the similarities and differences in repair of muscle, tendon, bone,
and ligament.

A soccer player is assisted into the sports medicine clinic. You find that she
has a grade II sprain of the tibial collateral ligament. In consultation with a team
physician the athlete-patient is informed that she likely will be able to safely
return to soccer participation in about 6 weeks. Initially the patient is placed in a
knee immobilizer and instructed to partially bear weight using crutches. She is
advised to use ice several times each day to control pain. Using pain as a guide,
gentle active range of motion (ROM) exercises and quadriceps setting with
straight leg raises are initiated. Biofeedback with electromyography (EMG) is
used to improve neuromuscular control of the quadriceps while the muscle is
exercised isometrically. After a few days, joint and soft tissue mobilization
assists in regaining ROM and provides mechanical stimulus to the healing tissue.
Once active, pain-free range of motion is restored, open- and closed-chain
resistance exercises as well as functional exercises are added to the program.
After 4 1/2 weeks, the patient has full motion and strength, and stress testing of
the injured ligament reveals no pain or laxity. The athlete is cleared to begin an
aggressive, sport-specific program of exercises in preparation for return to top
competition in a stepwise fashion. What physiological events take place over this
time period as the injury is repaired? Can treatment interventions speed tissue
healing? When does the tensile strength of the injured ligament return to normal?

As illustrated in the soccer player’s case, understanding the physiology of



inflammation and applying therapeutic modalities accordingly will best meet the
needs of physically active people and facilitate their return to activity. Tissue
injury triggers an elaborate response by the body to remove injured tissue and
repair the damage. Inappropriate treatment can delay or even halt repair. This
chapter provides an overview of events from the time of tissue damage until
tissue repair and maturation are completed.

An understanding of the healing process is essential for all medical and
rehabilitation professionals. Knowledge of the healing process, the relative time
frames in which healing events occur, and tissue-specific healing characteristics
will help in attaining optimal outcomes. Choosing appropriate interventions
based on the status of healing tissue as time passes will help avoid disruption of
the healing process and poor outcomes.

There are several prerequisites to developing this skill set. Identification of
the injured structures and extent of damage is crucial. To that end, a thorough
medical history, a history of the current condition and physical examination, and,
when indicated, diagnostic imaging are necessary. In the postoperative case,
knowledge of the individual’s presurgical status, understanding of the surgical
procedure and the tissues involved in repair, and early contraindications to
activity help determine an optimal course of rehabilitation. These decisions are
based largely upon time frames of tissue-specific healing events.

We must first acknowledge some challenges in understanding the complexity
of the healing process. The number of cells, molecules, and simultaneous
interactions involved can easily muddy the waters of understanding. Coordinated
repair actions involve plasma proteins and leukocytes that infiltrate damaged
tissues. The quality of repair can be quite variable depending upon the extent of
injury, vascular status of tissue, function of resident cells, and the person’s
overall health. That is to say, not all tissues heal similarly, and different patients’
healing capacity depends on many local and systemic factors.

Healing “stages” are often described and typically include the inflammatory,
proliferative, and remodeling stage, each with approximate time frames ascribed
to them (figure 4.1). The inflammatory phase usually lasts 48 to 72 hours, with
the proliferative stage accelerating as inflammation subsides, peaking about one
week post-injury. The remodeling stage may last for months and even years.



Figure 4.1 The stages and corresponding events of the healing process.
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For optimal healing, all stages of the continuum must occur in a coordinated
fashion. During healing, bouts of recurrent inflammation or even an absence of
inflammation may be observed, and the process may not be stepwise and orderly.
Nonetheless, knowledge of the healing process and relative time frames in which
significant events occur is necessary, as is the ability to recognize signs that the
healing process has been disrupted. There is great potential for rehabilitation
professionals to either disrupt or optimize the healing process, and this has a
direct influence on outcomes.

This chapter presents a working description of healing. The primary phases
and events of the healing process are described and associated with clinical signs
that healing is progressing (or not progressing). This foundation leads into the
introduction of strategies to optimize healing for successful restoration of
function and safe return to sport and work participation. The chapter concludes
by reviewing repair of specific musculoskeletal tissues including muscle, tendon,
bone, and ligament.



Tissue and Injury

Often healing is described in three overlapping stages of acute inflammation,
proliferation of cells and tissue, and remodeling. A general sequence of events
that occur within the stages of healing is shown in figure 4.1.

Forces are imparted on the body from our interaction with the environment,
and they impose stress on tissues. Musculoskeletal tissue responds and adapts to
stress placed on it. A simplistic definition of injury is excessive stress on a tissue,
either in one episode or over time. Because force has both a mass and an
acceleration component (F = MA), an excessive force delivered at high velocity
often results in a traumatic injury and rupture of tissue (macrotrauma). Injury
due to the accumulation of stress and resultant microtrauma over time is
considered an overuse injury. Overuse of tissue may occur asymptomatically,
and it can predispose the athlete to traumatic injury.

Mechanical Basis of Overuse in Viscoelastic Tissues

Viscoelasticity is the mechanical property of tissue that exhibits elasticity, or
the ability to elongate and return to normal length in a time-dependent manner.
Time dependency refers to the manner in which the duration or rate of exposure
to force affects tissue response. Musculoskeletal tissues exhibit viscoelastic
characteristics of mechanical creep. When a constant force is applied to a tissue
over time, the tissue will continue to elongate, which is called “creep.” Likewise
if a tissue is held at a constant amount of elongation, over time less force will be
required to maintain elongation, which is called force/relaxation (figure 4.2).
From a mechanical perspective, overuse injury in viscoelastic tissue is the result
of accumulated elongation and decreased resistance to stress that make it more
susceptible to injury. Accumulated creep or elongation has been shown to last for
more than 7 hours after 60 minutes of low-intensity activity. (Kubo).



Figure 4.2 Mechanical creep. (a) Constant force (rather than constant
elongation) is applied. (b) Displacement measured under a constant force for a
given amount of time.
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Often a tissue subjected to chronic stress will fail acutely, requiring the
clinician to determine if a traumatic injury is rooted in overstressed, weakened
tissue or is simply the result of a sudden and overwhelming force leading to
tissue rupture. This phenomenon can be observed when degenerative changes
lead to ultimate failure and rupture of a tendon and when overstressed or
osteoporotic bone suddenly fractures. This clinical determination is paramount in
understanding the distinct healing processes and potential for reinjury in many
musculoskeletal conditions.

Tissue Composition

Musculoskeletal tissues are composed of cells (fibroblasts, including
osteocytes in bone, myocytes in muscle, tenocytes in tendons, and chondrocytes
in cartilage) and extracellular matrix (ECM). Cells maintain the ECM through
remodeling and production of new ECM components. The ECM is composed of
fibrillar proteins and polysaccharide complexes. ECM integrity directly
influences cell function, and the cell-ECM symbiosis results in tissue
homeostasis. Structural damage to tissue results in cell death and disruption of



the ECM. Damage to the ECM results in inappropriate signaling to surviving
cells and to resident cells that can mature into fibroblasts and repopulate tissue,
thereby compounding the effects of injury over time. Damage to tissue provides
a potent stimulus to initiate healing through the activation of cells and chemical
mediators. Repair processes can be further stimulated by therapeutic exercise
and by some therapeutic interventions. The art of caring for musculoskeletal
injuries involves the selection, timing, and extent of interventions. Inappropriate
care can slow or halt repair as effectively as optimal management will facilitate
repair and remodeling of injured tissues.



Immediate Response to Injury

Immediately following injury, the body mounts an acute response to limit
blood loss. When injury occurs, small-diameter vascular structures (capillaries,
arterioles, and venules) are damaged. Epinephrine and substances released from
platelets, especially thromboxane A2, produce vasoconstriction. Thus,
immediately following tissue damage, the body’s defense mechanisms are at
work to repair damage to blood vessels and prevent further blood loss (figure
4.3).



Figure 4.3 Early response to tissue damage. (a) Tissue injury and damage to
capillaries and tissue cells. (b) Platelet and fibrin repair of capillary damage.
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Larger vascular structures (arteries and veins) may also be injured, which can
result in a loss of blood volume. Arrest of hemorrhage is crucial for survival. If
large vessels are damaged, the patient will go into hypovolemic shock. The
neurovascular status of the injured limb should be assessed after any acute
traumatic injury. Fortunately, most musculoskeletal injuries do not damage the
large vessels. When large blood vessels are injured and bleeding is present,
external compression and elevation can stabilize blood pressure. Hypovolemic
shock can also occur without external signs, particularly with visceral injuries.
The clinician must recognize the signs of shock regardless of the cause and
immediately act to stabilize the patient and activate an emergency response plan.

Signs of Shock

Rapid, weak pulse

Low blood pressure
Rapid, shallow breathing
Cool, clammy skin
Lethargy

Previously, clinicians were taught to immediately apply ice to an injury to
control bleeding and thus prevent swelling. Although the application of cold has



a place in the management of acute musculoskeletal injuries, cold has little effect
on blood loss. The body’s own mechanisms control blood loss. It is more
important to carefully examine the injury than to rapidly apply cold.

Most musculoskeletal injuries sustained by physically active people do not
damage large blood vessels. Damage to the small vessels is plugged very rapidly.
The events that limit the loss of blood from small vessels begin within seconds
and end in minutes. The lining of blood vessels is composed of a monolayer of
endothelial cells. Within seconds after injury to soft tissues (ligaments, tendons,
muscle) or bone, platelets adhere to the site of damage in the small blood vessels
in response to disrupted endothelium and exposure to underlying basement
membrane (supporting connective tissue). Platelets activate the coagulation
cascade, leading to hemostasis. The initial platelet plug recruits other platelets
through the release of substances such as prostaglandin and thromboxane, as
well as initiating secondary hemostasis through the activation of the clotting
cascade of plasma proteins. This cascade of enzymatic activity results in the
production of fibrin from circulating plasma fibrinogen, which cements platelets
and cellular debris together to form the meshlike network of a clot. Once damage
to the blood vessels has been plugged, the rest of the acute inflammatory
response can begin.



Inflammation

What do we mean when we say something is inflamed? On the surface the
area is red, warm to the touch, swollen, and painful. These are the cardinal signs
of inflammation. Within the tissue, substances and cells are chemically attracted
to sites of damage to clean and repair. Blood flow increases to the area, and
substances similar to bleach and hydrogen peroxide are released by
inflammatory cells to clean and remove (debride) damaged tissue. The result is
tissue swelling and chemical irritation. Although the cardinal signs emerge and
the resulting pain and swelling affect comfort, function, and participation, the
inflammatory process is essential to repair. Moreover, even though the signs and
symptoms of inflammation resolve, the repair and maturation process continues.

The acute inflammatory response spans the events immediately post-injury
through the cleaning and debridement process. The inflammatory response
begins within seconds and can persist for several days. The initial activity of the
inflammatory reaction is the recruitment of inflammatory cells. This is
accomplished through cytokine-mediated chemoattraction and increased
vascular permeability, allowing cells and plasma proteins to escape through the
capillary walls and migrate toward the wound by the process of chemotaxis.
Chemotaxis is the process in which cells direct their movement in response to
chemicals in their environment. Proinflammatory cytokines, plasma proteins,
and damaged tissue are powerful chemoattractants for inflammatory cells.

Cytokines are small signaling proteins produced by cells that have local
(autocrine and paracrine) effects. Cytokines may be classified based on their
actions; they include chemotactic agents (chemokines), mitogens (growth
factors), and differentiation factors (morphogens). An individual cytokine may
have varying functions depending on the context of its release, and thus it could
have more than one classification. As an example, transforming growth factor-3
(TGF-B) can act as a morphogen, induce matrix production, and induce
inflammation. Cytokines can also stimulate or repress other cytokines, can be
regulated by various binding proteins, and can have different effects based on
their interactions with other concurrent molecular activities.

The interleukin family of cytokines consists of 11 proteins that serve
multiple roles in immune and inflammatory regulation. IL-1, IL-6, and tumor
necrosis factor (TNF) are prominent proinflammatory cytokines present during
the early inflammatory process. TNF mediates many of the cellular interactions
that occur early in the healing process. In general, proinflammatory cytokines



have redundant functions geared toward increasing vascular permeability,
attracting cells from circulation to the site of injury, and promoting cellular
activity.

Increased vascular permeability is accomplished by a loosening of the
connection between vascular endothelial cells. The inside lining of blood vessels
is composed of a single layer of endothelial cells that connect in tight junctions
of intercellular adhesion molecules. Proinflammatory substances derived from
plasma, endothelial cells, and platelets within the vascular compartment, as well
as from inflammatory cells and cytokines outside of the vascular compartment,
contribute to increasing vascular permeability. It is important to appreciate that
the actions caused by various mediators occur simultaneously. An increase in
vascular permeability is necessary to allow leukocytes (especially neutrophils),
discussed in the next section, to enter into the area of tissue damage. The
increase in permeability, however, also allows more plasma proteins to escape
from the circulation. Proteins exert an osmotic pressure (attract water). Thus, the
increased volume of free proteins in the damaged area attracts water, which is
clinically observed as swelling (figure 4.4). The proteins are eventually absorbed
by the lymphatic system, and swelling resolves. Compression, elevation, and
muscle contractions can encourage drainage from the lymph system and reduce
swelling after a musculoskeletal injury.



Figure 4.4 (a) Normal capillary filtration pressure balance (b) and an increase of
free proteins, which disrupts normal capillary filtration pressure balance.
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Three plasma protein cascades are associated with the acute inflammatory
response (see table 4.1). The clotting cascade results in a fibrous framework for
tissue repair (figure 4.5). The kinin cascade results in the formation of
bradykinin. The complement cascade affects all aspects of the acute
inflammatory response. These protein cascades interact and occur
simultaneously with other events of the acute inflammatory response.



Table 4.1  Plasma Protein Cascades

Mediator Relation to signs of inflammation
Clotting cascade Prevent loss of red blood cefls Mo dirsct relationship

Kinin cascade Increase capillary mambrane parmaability Pain and swaling

Complament cascade | Facllitale all aspects of acute inflammatory Increases al signs of inflammation
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Figure 4.5 Clotting regulates the formation of fibrin. Two pathways lead to a
common sequence of events triggering the formation of thrombin and finally
prothrombin. A = active form of plasma proteins.
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The clotting cascade converts plasma protein fibrinogen to fibrin. Fibrin
forms a meshlike web with platelets to temporarily repair damaged vascularized
tissues. The first protein in the clotting cascade, factor XII, or the Hageman
factor, also activates the kinin cascade (figure 4.6), first converting the plasma
protein prekallikrein to kallikrein, which then activates the conversion of
kininogen to bradykinin. Bradykinin increases capillary membrane permeability
and interacts with prostaglandins to stimulate free nerve endings, causing pain.



Figure 4.6 Conversion of kininogen to bradykinin.
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The complement cascade is a family of plasma proteins that participate in
virtually every aspect of the inflammatory response, including lysis (breakdown)
of membranes of dead cells, chemical attraction of leukocytes (chemotaxis),
increased capillary membrane permeability, and the facilitation of phagocytosis
via opsonization. An opsonin coats bacteria or damaged tissue to facilitate
inflammatory cell binding and ingestion. The complement cascade also
stimulates mast cell degranulation.

Mast cells, found in the connective tissues adjacent to vasculature, may also
initiate the inflammatory response by the release of several substances (table
4.2). Mast cells are activated to release histamine and serotonin from preformed
granules upon direct injury as well as upon exposure to bacteria, plasma
proteins, and cytokines. Histamine and serotonin cause vasodilation and increase
capillary membrane permeability, respectively.



Table 42 Proinflammatory Substances Secreted by Mast Cells

Purpose Relation to signs of inflammation
Hestarmne Vasodilaton Haat and rednass
Neutrophil chemotactic Amract neutrophils o phagocy- | Swelling, indirectly, because increased membrana per-
lactor lize ndcrol Hssee | maability is required Jor neutrophdl amegration
Saerotonin Increasa capilary membrans Swelling
parmaatyilily
Haparin Prevvent occlusion of capdlary | No direct relationship
blood flow
Prostaglandin E2 Increass capidiary mambrana Pain and swalling
parmeability
Laukalriares Amract neutrophils to phagocy- Swalling, indirectly, because increased membrane par-
lize necrolic ssee maability is requirgd lor neulrophil amegration

It should be apparent that these cascades interact. An injury or illness
activates one or more cascades. If mast cell degranulation occurs first, it will
trigger the plasma protein cascades. If the plasma protein system is activated
first, other plasma protein systems will be activated and will stimulate mast cell
degranulation. Thus, the inflammatory response is said to be nonspecific. The
same events occur regardless of the precipitating stimulus.

Prostaglandins, leukotrienes, and lipoxins are metabolic products of
arachidonic acid (AA), which is derived from the cell membrane of most cells,
and they act as potent regulators of inflammation via multiple mechanisms
(figure 4.7). Upon direct injury or exposure to proinflammatory cytokines, AA is
liberated from the cell membrane via the enzyme phospholipase A2 (PLA2).
Arachidonic acid is then transformed into prostaglandins via the cyclooxygenase
enzyme and leukotrienes via the arachidonate 5 lipoxygenase (5-LOX) enzyme.
These substances regulate a variety of physiologic functions and are targets for
anti-inflammatory and pain-relieving drugs.



Figure 4.7 Synthesis of leukotrienes and prostaglandins from arachidonic acid.
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The actions of cyclooxygenase on arachidonic acid are not limited to
prostaglandin synthesis. During the transformation from AA to stable
prostaglandins, free radicals are released (Kerr, Bender, and Monti 1996; Ward,
Till, and Johnson 1990). These free radicals activate proteases such as
collagenase, which break down adjacent cell membranes, liberating additional
AA metabolic products (Kerr, Bender, and Monti 1996; Ward, Till, and Johnson
1990). Lipoxins are derived from AA by the 15-Lox enzyme and have important
anti-inflammatory functions.

Leukocyte Infiltration

White blood cells (leukocytes) originate from stem cells in bone marrow.
Stem cells proliferate and differentiate into granulocytes (neutrophils,
eosinophils, basophils), monocytes, and lymphocytes (T and B cells). These cells
comprise the total white blood cell count. Nearly 2 billion granulocytes are
produced each day, the majority of which are neutrophils (Abramson and Melton
2000). The majority of leukocytes (90%) reside in the bone marrow, where they
mature and are released upon stimulation by various cytokines. A small
percentage (about 3%) of leukocytes are in circulation and 7 to 8% are dispersed
throughout tissues. Once a leukocyte is released from the marrow, it has a short
lifespan (1 day-2 weeks), and therefore storage in bone marrow allows for a
ready supply of viable cells upon stimulation from injury, inflammation, or
infection. Infiltration of leukocytes occurs in an orderly fashion and relates to
specific cellular functions (figure 4.8).



Figure 4.8 Order of infiltrating leukocytes.
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T.J. Koh and L.A. DiPietro, 2011, "Inflammation and wound healing: The role of the macrophage,"
Expert Reviews in Molecular Medicine 13: e23, reproduced with permission.

The first infiltrating cells on the scene of injury are neutrophils, with
concentrations peaking 24 hours post-injury. Neutrophils get their name from
their large, multilobed nucleus. The size of the nucleus is related to the ability to
rapidly produce and release quantities of caustic substances that degrade bacteria
and tissue. Neutrophils, like mast cells, are granulocytes, and they have
preformed substances ready for immediate release. Within the neutrophil
armamentarium are bacteriocidal oxygen and nitrogen radicals, antimicrobial
and proteinase enzymes, and chemotactic agents. Neutrophils not only have
potent cleaning capabilities, but they also release chemokines that powerfully
attract monocytes, which mature into macrophages to sustain the inflammatory
response.

Oxidative Killing

The term oxidative stress refers to the overproduction of reactive oxygen
species (ROS). ROS are a by-product of oxygen metabolism and serve many
homeostatic functions. ROS produced in abundance result in damage to cells,
including the genetic apparatus, and can induce apoptosis (cell death). Upon
activation (interaction with bacteria or damaged tissue) the neutrophil engulfs
the offending agent or tissue and destroys it. The primary phagocytic enzymatic
cascade responsible for the generation of ROS used for cleaning is the NADPH
oxidase system (NOX enzymes) or “oxidative burst oxidase.” This reaction is
characterized by the consumption of oxygen and the production of superoxide
and other ROS (Zhang and Mosser 2008). The NADPH enzyme is present in



neutrophils, eosinophils, and mononuclear phagocytes (macrophages). The
enzyme is dormant in circulating neutrophils and is activated upon exposure to
microbes, inflammatory mediators, and damaged tissue.

Phagocytic cell membrane receptors for bacteria and damaged tissue include
the formyl peptide receptors (FPRs). These receptors bind debris, or opsonins
bound to debris, and trigger phagocytosis through downstream cell signaling and
cytoskeletal rearrangement. Upon phagocytosis, engulfed debris is enveloped in
a phagosome. NOX enzymes embedded in membranes of secretory granules are
activated and fuse with the phagosome. Activation of the NOX enzymes results
in the production of large quantities of ROS, the free radicals (superoxide,
hydrogen peroxide, and the hydroxyl radical), and hypochlorous acid (which is a
bleach), resulting in the destruction of the offending agent. ROS activate
proteases as well, breaking down collagen and other ECM constituents. Due to
the large quantities of ROS produced, healthy tissue in the surrounding area may
also be damaged.

Neutrophils are also capable of nonoxidative killing through the release of
lysosomal enzymes (lysozyme and collagenase), which degrade cell membranes
and tissue as well as release phospholipase A2 for the production of AA
metabolites (prostaglandins and leukotrienes). These chemical mediators
stimulate the complement cascade and the kinin systems. Through the actions of
lysosomal enzymes and prostaglandins, the inflammatory response is
perpetuated until the damaged tissues are removed. The neutrophil also releases
potent chemotactic factors that recruit macrophages (Novak and Koh 2013).



Macrophage Function

Circulating monocytes are extruded from leaky endothelium, attracted to
injured tissue via chemotaxis, and activated by the inflammatory environment to
mature into macrophages. These circulating monocytes provide the main source
of macrophages after injury, but resident tissue macrophages are quite active as
well, and they provide some of the initial signals to trigger the inflammatory
process. Macrophage infiltration peaks 3 to 7 days post-injury.

Macrophage activity persists throughout the stages of healing, contributing to
removal of damaged tissue, cell recruitment and proliferation, and promotion of
angiogenesis, matrix production, and remodeling. Such a diversity of cellular
capabilities is remarkable and is made possible by the multiple phenotypes
(physiological properties) these cells can assume. Early on (0—4 days), the
proinflammatory macrophage (M1) is active. As time passes and inflammation
subsides, the M2 or anti-inflammatory macrophage is active. There are several
intermediate phenotypes that help direct the abatement of inflammation and
promotion of cell and tissue proliferation (Lech and Anders 2013).

Early in the healing process the primary role of the macrophage is to
promote inflammatory activity and help remove damaged tissue. In the early
inflammatory environment (0-2 days) prominent cytokines present include TINF,
interferon gamma, IL-1, and IL-6. These cytokines are produced from a variety
of cells, including activated macrophages. These cytokines have prolific
proinflammatory actions, including recruitment and activation of the
proinflammatory M1 macrophage to the site of injury. TNF promotes several
important inflammatory functions in a variety of cells. TNF induces
proinflammatory cytokine production, orchestrates chemotaxis, and is
responsible for fever via hypothalamic stimulation. Activated M1 macrophages
promote the inflammatory process and remove pathogens and damaged tissue.

When musculoskeletal tissue is damaged, prominent components of the
ECM are cleaved and bind to macrophages via damage-associated molecular
pattern (DAMP) receptors and integrin proteins on the macrophage cell
membrane. (Note: Integrin proteins are central to the effects of mechanical
signals on cell function and are discussed in detail in chapter 16.) Damaged
tissue and dead cells are engulfed and destroyed by enzymes and ROS during
phagocytosis. Exposure of macrophages to inflammatory stimuli induce the
expression of ECM-degrading enzymes that are secreted to further degrade
damaged tissue. Among these enzymes are the matrix metalloproteases (MMPs),



which cleave molecular bonds of damaged matrix contents, leading to further
degradation, as well as stimulate additional macrophage activity. Thus the
macrophage perpetuates the cleaning process until the stimuli resulting from
injury abate.

Prominent examples of damaged and degraded ECM components recognized
by DAMP receptors are fragments of collagen, biglycan, hyaluronan, fibrinogen,
and fibronectin. Fibronectin is attached to debris and acts as an opsonin,
enhancing binding to macrophages and facilitating phagocytosis. Binding with
fibronectin also induces the production of MMPs, leading to further degradation
of damaged matrix.

Termination of Inflammation and Early Repair

As debris removal nears completion and the inflammatory environment
subsides, macrophages assume an anti-inflammatory role and coordinate the
activity of wound repair. The M2 macrophage exerts many anti-inflammatory
effects. Through macrophage production of anti-inflammatory cytokines such as
IL-10 and TGF-f, proinflammatory cytokine production is inhibited. The source
of M1 and M2 macrophages is the subject of debate. It was once hypothesized
that M1 macrophages were derived from infiltrating monocytes, whereas M2
macrophages were derived from monocytes in the affected tissues. There is now
evidence that cells derived from “infiltrating” monocytes in the tissues switch
their phenotype from M1 to M2.

Environmental factors such as cytokine exposure and mechanical forces
imparted on a cell help regulate the phenotypic shift to anti-inflammatory cell
functions. It is therefore easy to see how inappropriate force on injured tissue
early on can directly influence healing through the function of the macrophage.
Early application of appropriate force directly influences macrophage activity
and thus pro- and anti-inflammatory activity. The rehabilitation professional
modulates force on the injured tissue by choosing interventions and activities.

Once the hostile inflammatory environment abates, cell and tissue
proliferation begins. The termination of acute inflammation is a complex process
involving the activity of over 80 genes. Due to the short lifespan of the
neutrophils (a few hours to a day) and the extremely short half-life of most
inflammatory cytokines (seconds to minutes), eradication of the offending
stimulus should result in the termination of inflammation and the avoidance of
“overcleaning” that can damage healthy tissue.

The resolution of inflammation results from the depletion of
proinflammatory mediators and removal of dead neutrophils and their secreted



products by macrophages. The process of phagocytosis itself helps to regulate
inflammation. During phagocytosis, the cell concurrently produces TGF-f3 and
IL-10. TGF-B production by the macrophage stimulates new tissue production
and thus wound healing, and IL-10 inhibits proinflammatory cytokine
production.

There is also built-in anti-inflammatory regulation within arachidonic acid
metabolism through the simultaneous production of lipoxins. These autocrine
and paracrine signaling molecules help resolve inflammation through a variety
of anti-inflammatory actions. Lipoxins can bind to FPR receptors on leukocytes
and inhibit granule release, the production of proinflammatory cytokines, and
chemotactic ability.

The lifespan of the inflammatory process depends in part on the extent of
damage, but it typically resolves within 1 to 5 days. Activities that excessively
stress the injured area during this time will result in further damage and the
propagation of the inflammatory process. Inflammation may also recur later in
the healing process if excessive stress damages the fragile remodeling tissue.

When the immune system is properly modulated, inflammation resolves,
tissue repair occurs, and function returns. An overly robust inflammatory
response often results in excess scarring, fibrosis, and diminished ultimate tissue
strength. An inadequate inflammatory response results in degenerative,
disorganized, and weakened tissue as in the case of tendinopathy. Absence of an
inflammatory response, such as in avascular tissue like the meniscus or articular
cartilage, results in an inability to heal.

Proliferation

M2 macrophage cytokine expression is geared toward activating fibroblasts
to produce and remodel ECM, as well as activating progenitor cells to replenish
the pool of damaged reparative cells. The cell types activated are tissue
dependent. We will see, however, that cell type switching in tissue under
pathologic conditions readily occurs.

Cellular proliferation peaks around day 6 following tissue injury and persists
at low levels for up to 2 weeks. During this time, fibroblasts and other tissue
cells are activated, proliferate, and produce ECM. Collagen-producing
fibroblast-like cells are the predominant stromal (structural) cell type in
musculoskeletal tissue. Fibroblasts are not only present in tissue, they can also
derive from circulating monocytes in an immature form termed the fibrocyte
(Bianchetti et al. 2012). The fibrocyte is likely an intermediate in the
differentiation process between monocytes and mature fibroblasts. Fibrocytes



can differentiate into other cells such as myofibroblasts and adipocytes. The
overabundance of fibrocytes has been linked to wound fibrosis and suboptimal
repair.

Early Repair

Coagulated blood within the tissue from the time of injury forms the
beginning scaffold from which the provisional matrix is formed. The provisional
matrix is crucial for optimal wound healing because it is a potent
chemoattractant and provides attachment sites for cells and growth factors
needed for tissue repair. Along with complement, which aids in cleaning and
chemotaxis, plasma fibrin and fibronectin are deposited at the site of injury and
exist within the coagulated blood in the tissue.

Fibronectin plays a crucial role in wound healing. Fibronectin coats bacteria
and damaged tissue, acting as an opsonin. As repair of the injured tissue begins,
macrophages and fibroblasts bind fibronectin via integrins. There is
considerable crosstalk between macrophages and fibroblasts. Like macrophages,
fibroblasts have phagocytic capability but are limited to damaged ECM, and they
achieve most remodeling through the release of remodeling enzymes such as
matrix metalloproteinases (MMPs). Fibroblast and macrophage MMP
production is stimulated by macrophage cytokine expression. As phagocytosis
commences, macrophages stimulate fibroblasts to make new insoluble
fibronectin, which stabilizes the wound.

Concurrent with fibrin and fibronectin removal, the fibroblast produces an
abundance of proteoglycans and type III collagen (2-5 days). The weblike
structure of type III collagen serves to stabilize the provisional matrix.
Eventually the provisional matrix is removed by a combination of extracellular
and intracellular digestion, and the definitive matrix, rich in type I collagen and
native tissue, is deposited by fibroblasts and native cells (5 days—weeks).
Organization of newly formed matrix is highly dependent upon mechanical force
experienced by the tissue during this period. Newly formed tissue tends to align
along planes of stress. The clinician directly affects the healing process by
choosing the dose of stress newly healing tissue experiences.

Repair

Repair implies the growth of new tissue. Once injury debris is removed and
the vascular network to support tissue growth is in place, repair is well under



way. The extent of repair possible will depend on the health of the individual,
blood supply to the tissue, resident cell type and activity, and degree of injury.
Large defects in tissue in which tissue approximation and supporting connective
tissue architecture are disrupted usually produce fibrosis. Fibrosis is due to
excessive ECM production by fibrocytes and fibroblasts and a concomitant
failure of resident cells to synthesize native tissue.

Tissues are classified according to the proportion of cells in mitosis (actively
dividing) normally present (Martinez-Hernandez and Amenta 1990). Tissues
such as the epidermis contain cells that are continuously being replaced; these
are classified as labile cells. Bone marrow and the cells lining the respiratory,
gastrointestinal, and genitourinary tracts are also labile cells. Tissues made of
labile cells have excellent regenerative capacity.

Stable cells have less regenerative capacity. Cells that make up the tissues of
the liver, pancreas, and kidneys, as well as fibroblasts, osteocytes, endothelial
cells, and chondrocytes, are classified as stable cells. Fibroblasts synthesize
collagen and elastin, which are the major components of ligaments and tendons.
Osteoblasts, which mature into osteocytes, form bone; and chondroblasts, which
mature into chondrocytes, form cartilage. Thus bone and -cartilage can
regenerate, but they do so more slowly than tissues made up of labile cells.

Cells that have no regenerative capacity in adults are classified as permanent
cells. The nerves of the central nervous system, the lenses of the eyes, and
cardiac muscle have no regenerative capacity. Advances have been made in
understanding why some tissues lose regenerative capacity after birth—work
that has special application in the treatment of spinal cord injuries.

Cellular plasticity refers to a cell’s ability to alter its behavior or phenotype.
Due to the common mesodermal lineage musculoskeletal cells share,
inappropriate stress or exposure to inappropriate substances can push a
progenitor cell (immature cell) to differentiate away from its native tissue cell
type. This has been demonstrated in muscle in response to crush injury and
subsequent bone deposition as occurs with myositis ossificans. Tendon fibroblast
progenitors can differentiate into chondroblasts, osteoblasts, or adipocytes in
response to inappropriate load or exposure to dexamethasone (Zhang, Keenan,
and Wang 2013). Further discussion of cellular plasticity is found in the sections
on tissue-specific healing.

Because excessive stress on healing tissues disrupts repair and slows
recovery, the clinician must understand how damaged tissues are repaired and
the time frame over which repair occurs. One difficulty in determining
appropriate stress exposure during the healing process is our inability to quantify
the stress experienced by tissue during a given activity. Understanding of applied



anatomy and biomechanics allows us to infer the progressive loading of a tissue,
both in magnitude and volume. In general, immediately after injury during the
inflammatory phase, pain will limit activity. Modalities are applied to reduce
pain and control swelling. Given the importance of the inflammatory process for
adequate healing, efforts toward eliminating inflammation impair healing. After
day 3 or 4, as inflammation subsides and injury-specific rehabilitation begins,
recurrent bouts of inflammation must be avoided. Signs of recurrent
inflammation include reoccurrence of the cardinal signs of inflammation:
increasing pain, swelling, redness, and loss of function. Pain at rest and
increasing pain during passive ROM activities are also signs of excessive
activity during healing. These are very general guidelines, however, and tissue-
and injury-specific interventions that do not disrupt healing are needed for
optimal outcomes.

Skeletal Muscle Healing

The muscle cell or myofiber contains the contractile elements responsible for
force generation. Each myofiber is surrounded by endomysium, a connective
tissue envelope composed predominantly of type IV collagen and proteoglycan
(see figure 16.7 in chapter 16). Myofibers are bundled together to form fascicles
and are surrounded by the perimysium. The entire muscle is encased in
epimysium. The connective tissue structure of muscle is responsible for lateral
force transmission, with the epimysium running continuously into tendon, which
transmits force to bone. Minor activity-related damage to muscle typically
involves intracellular protein disruption that is readily repaired; however, more
extensive damage involving the connective tissue architecture requires a more
involved healing process, and may lead to scarring.

After injury to skeletal muscle, the ensuing healing process resembles the
general healing process described previously. Injury results in a hematoma
between myofibers, which includes serum fibrin and fibronectin.
Proinflammatory cytokines increase permeability and recruit a variety of cells
that migrate, proliferate, and attach to the provisional matrix. Macrophages are
the predominant inflammatory cell, phagocytosing damaged tissue and
activating quiescent progenitor cells residing in the basal lamina (figure 4.9).
The inflammatory phase of muscle healing typically lasts about 3 days.



Figure 4.9 Skeletal muscle satellite cell residing in the basal lamina.
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From 3 days to 2 weeks, fibroblasts produce ECM components, growth
factors, and remodeling enzymes. Progenitor cells use necrotic basement
membrane to correctly orient themselves, ensuring correct myofiber position.
With extensive disruption to the connective tissue architecture, disorganized
fiber arrangement and poor repair result. As parallel myofibers are repaired,
fibroblasts proliferate and migrate, producing ECM for myoblasts to adhere and
form myofibers. Macrophages and fibroblasts also produce vascular endothelial
growth factor (VEGF) to promote angiogenesis in the new tissue.

Remodeling and Maturation

Remodeling of muscle occurs over months, with the central zone of injury
decreasing in size as new tissue is formed. Proper modulation of inflammation is
crucial for muscle healing. Interfering with the acute inflammatory response
following injury leads to incomplete debridement of damage and often results in
fibrosis. In contrast, reducing the chronic inflammatory condition characteristic
of dystrophic muscle decreases fibrosis and enhances regeneration (Tidball
2005).



Specific Healing of Tendon Tissue

Tendon tissue, similar to skeletal muscle, is composed of hierarchical
bundles of fibers (figure 4.10). Tendon fibers are composed of type I collagen
bundled in endotenon. Endotenon provides attachment sites for tenocytes as well
as vasculature and lymphatics. Bundles of fibers are surrounded by epitenon,
which forms tendon fascicles. Epitenon is wrapped in paratenon, which is
connected to tendon sheath. Not all tendons have a sheath, and the outer layer of
paratenon can serve as the tissue that connects to the deep fascia compartment.



Figure 4.10 The hierarchical structure of tendon from collagen molecules to
bundling of fibrils into fascicles.
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Reprinted from Journal of Biomechanics, Vol 39(9), “Mechanobiology of tendon,” J. H-C. Wang, pg.
1563-1582, copyright 2006, with permission from Elsevier.

Tendon presents several inherent challenges to healing after injury. In
tendon, blood supply is derived intrinsically from the bony insertion
(osteotendinous junction) and the myotendinous junction. Extrinsic blood supply
from existing synovial sheath contributes as well (if present) and supplies
superficial portions of the tendon. Injury to these areas significantly affects
healing capability. Vascularity in the midportion of tendon is often insufficient.

Upon initial acute injury or laceration, an inflammatory response occurs,
resulting in inflammatory cell infiltration from the resulting hematoma as well as
from extrinsic sources such as the peritenon and junctional zones
(osteotendinous and myotendinous junctions). The inflammatory response of
tendon typically persists 3 to 7 days post-injury. The predominant inflammatory
cell present in tendon is the monocyte-derived macrophage. The proliferative
stage of tendon healing lasts for three weeks post-injury and is characterized by
the proliferation of ECM-producing fibroblasts. The native tendon fibroblast
(tenocyte) initially secretes type III collagen and transitions to type I collagen as
the proliferation phase concludes 5 to 8 weeks post-injury. The tenocyte releases
VEGF to promote neovascularization to supply repaired tissue. Tendon
remodeling persists for up to a year to complete healing. Increased collagen



density and fiber organization are achieved through cross-linking of fibrils;
however, tendon regeneration never completely occurs and there is always some
residual tissue disorganization, hyper- or hypocellularity, and decreased tensile
strength. Restriction to the vascular compartment may limit inflammatory cell
infiltration. The resident tenocyte is left to maintain the integrity of the tissue.
The predominant signaling apparatus of the tenocyte is stimulated through
mechanical force transferred through the tendon ECM to the integrin receptor,
resulting in gene transcription, matrix production, and remodeling.

Chronic overuse injury in tendon is often the result of a failed healing
response. Overuse injury in tendon (tendinopathy) typically results in
degeneration of tendon ECM, variable and dysfunctional cellular activity, and
absence of inflammatory cell infiltration. Proinflammatory cytokines are present
in the peritendinous tissue, but inflammatory cells do not respond. The result is a
painful, or sometimes asymptomatic, tendon that degenerates due to the
inadequacy of inflammatory-stimulated remodeling. The histological term for
degenerative tendon in the absence of inflammation is tendinosis. Tendinopathy
is the preferred clinical designation for overuse tendon injury.

The ultrastructural changes of degenerative tendon include collagen
disorganization with visible microtearing, decreased density and fiber diameter,
and loss of crimp (Jarvinen et al. 1997). An increase in collagen type III is
prevalent and may represent an attempt at tissue repair. Healthy tendon typically
contains little proteoglycan, predominantly the collagen-bound small leucine-
rich decorin. In areas of excessive compressive and shear loading, common in
areas where tendon wraps around bone, fibrocartilaginous tissue forms and is
associated with the large proteoglycan aggrecan. A prolific increase in
proteoglycan is often present and may be associated with fibrocartilaginous
metaplasia or may be present in streaming bands throughout the tendon
midsubstance. Tendon cells surrounding pools of proteoglycan often resemble
chondrocytes, which are responsible for the production of large-molecular-
weight proteoglycan. It is important to note that the end-stage histological
picture of a disease process may not be indicative of the preceding pathologic
process. Various pathologic processes may lead to a similar histological picture
of tendinopathy.

Ligament Healing

In many extra-articular ligaments, such as the medial collateral ligament
(MCL), healing takes place as described, including inflammatory, proliferative,
and remodeling phases. Once damaged tissues are removed, neovascularization,



resident cell differentiation, and up-regulation of fibroblasts ultimately result in a
framework of dense type I collagen and ECM. Collagen will align in response to
imposed stresses throughout remodeling, which may continue for more than a
year.

Intra-articular ligaments such as the anterior cruciate, however, have a poor
healing response. This is largely due to the inability of the disrupted tissue to
physically approximate and form a provisional matrix. Without tissue
connectivity and provisional matrix formation, the foundation for repair simply
does not exist.

Specific Healing of Bone Tissue

Three structural classifications of bones exist: long, cuboidal, and flat (figure
4.11). Generally, flat bones are found surrounding vital structures (such as the
skull and ribs), cuboidal bones make up complex joints (like the wrist), and long
bones make up the axial skeleton. Bone consists of a hard outer cortex of cortical
bone and an inner, more porous medulla containing marrow and trabecular bone.
Both cortical and trabecular bone are organized in pillars or osteons. The outer
layer of concentric osteons is the lamella.



Figure 4.11 The structure of long bones, which are composed of the hard outer
cortical and inner spongy trabecular bone. Osteons provide structural integrity
due to the interposed lamellar structure.
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Bone is composed of type I collagen, hydroxyapatite mineral, and
proteoglycan (see figure 16.10 in chapter 16). Bone cells include osteoblasts,
osteoclasts, and osteocytes. Osteoblasts synthesize the components of the ECM
(collagen and prostaglandin [PG]) and release vesicles of calcium and phosphate
to aid in mineralization. Osteoblasts embedded in matrix become osteocytes,
which develop a complex intercellular connection network. The osteocyte
resides in a cavity or lacuna, and its long cytoplasmic extensions connect with
neighboring cells via gap junctions in canals or canaliculi.

Fracture healing can be described in three stages as with other tissues:
inflammation, repair, and remodeling. During the inflammatory stage,
intracellular enzymes from damaged osteocytes trigger the destruction of
surrounding ECM, which induces an inflammatory response lasting 2 to 5 days.
Bone is a vascular tissue, and therefore hematoma formation and damaged
tissues provide a strong chemotactic stimulus for inflammatory cells as well as
mesenchymal stem cells (MSCs). Platelets at the site of damage release
cytokines, which promote the inflammatory response and attract inflammatory
and reparative cells.

The provisional matrix in bone healing is called a callus. The bony callus is
predominantly type III collagen and PG. Infiltrating stromal cells proliferate and
differentiate into bone-forming cells. Angiogenic stimuli result from the release
of VEGF from peripheral and infiltrating bone cells. Within days of fracture,



MSCs differentiate into cartilage cells (chondroblasts) and produce ECM that is
similar to that found in cartilage. A combination of abundant proteoglycan and
collagen types II and III are randomly organized and are called woven bone.
Woven bone is eventually replaced. Type I collagen and mineralization occur
around collagen fibers, adding rigidity to the remodeling tissue. The mineralized
callus then undergoes the process of remodeling to form lamellar bone. Lamellar
bone obtains strength through an organized yet variable alignment of collagen in
successive layers. The repair phase can take 2 to 12 months.

Bone Remodeling

Bone remodels through the coordinated function of osteoblasts, osteoclasts,
and osteocytes. Osteocytes embedded in the canalicular network secrete
sclerostin, which inhibits the activation of surface stromal cells. When damage
occurs, osteocytes at the site of injury apoptose. Osteocytes proximate to the
injury secrete nitric oxide (NO), prostaglandin (PG), and other growth factors.
Surface lining preosteoblasts pull away and merge with the circulation as they
are positioned adjacent to blood vessels. Decreased sclerostin production from
embedded osteocytes along with exposure to proinflammatory cytokines induce
stromal cell differentiation in preosteoblasts. Preosteoblasts secrete receptor
activator of nuclear factor kappa-B ligand (RANKL), which interacts with
RANK receptors on preosteoclasts. Interaction of preosteoblasts and osteoclasts
results in fusion and enlargement of preosteoclasts into mature osteoclasts.
Osteoclasts bind bone via integrin receptors and secrete bone-resorbing acids
over a period of 2 weeks and then apoptose. Once damaged bone is removed,
mature osteoblasts discontinue secretion of RANKL and secrete osteoprotegrin
(OPG). OPG binds to RANKL and inhibits osteoclast formation and activation.
Osteoblasts then align along the resorbed bone and secrete new bone ECM. As
bone is formed, osteoblasts are surrounded by ECM and become osteocytes.
Osteocytes reform the lacuna canalicular connectivity network through which
mechanical signal is transduced. Remodeling of the damaged area can last for up
to 3 years and is largely dependent upon mechanical signal.

Cartilage Healing

Articular cartilage is avascular, aneural, and alymphatic and thus has very
limited repair potential. Optimal conditions for cartilage healing include a source
of cellular repopulation, formation of provisional matrix (although the absence



of blood severely hinders this), an intact subchondral bone plate for nutrient
transmission, and appropriate mechanical stress. Typically, the repair of articular
cartilage is accomplished through the deposition of fibrous scar, and damage
typically leads to osteoarthritis.



Summary

Chapter 4 is devoted to understanding tissue injury and repair. Tissue
damage triggers a cascade of events that result in inflammation. Although
inflammation causes pain and swelling, the process is essential for repair.
Clinicians caring for patients suffering from musculoskeletal injury must
understand the fundamental role of inflammation in recovery, must be able to
identify where each patient is in the repair process, and must treat appropriately.
The key mediators and the links between early events involved in phagocytosis,
cell differentiation, up-regulation of fibroblasts, and ultimate remodeling of
tissues to withstand the forces of physical activity are presented to build the
foundation for evidence-based clinical decision making, including the judicious
application of therapeutic modalities and progression of exercise.

Key Concepts and Review

1. Describe the role of the inflammatory response in tissue healing.

Inflammation is the process by which the body removes damaged
tissues and establishes a blood supply and repairs tissue damage. Once
damaged tissues have been removed by the phagocytic cells, surviving cells
and newly matured cells produce the proteins and other components of the
extracellular matrix. The repair process continues as weaker repair tissues
are replaced by stronger, more resilient tissue. Over time, tissue responds to
the stresses imposed by activity and remodels. Through remodeling, tissue
develops greater tensile strength and resistance to force.

2. Identify key events in the acute inflammatory, repair, and remodeling
phases of tissue healing.

The acute inflammatory response begins with vasoconstriction and
clotting. Vasoconstriction results from the actions of epinephrine and
thromboxane. The clotting cascade is activated to minimize hemorrhage.
This is a rapid and relatively short process. Once further blood loss is
prevented, vasodilation and increased capillary membrane permeability
allow for the invasion of neutrophils and later macrophages. The cells
attack bacteria and phagocytize damaged tissue. As phagocytosis occurs, a
new network of capillaries is formed to support the repair phase. M2
macrophages stimulate new tissue formation by fibroblasts, osteoblasts, or
chondroblasts. Progenitor cells differentiate to form new tissue-building



cells. Over time, stress to new tissues results in the production of new
tissues. The capacity of the tissue to resist force increases as remodeling
progresses.

. Describe the events and controlling chemical mediators of the acute
inflammatory response.

The acute inflammatory response can be divided into cell-mediated,
plasma protein—mediated, and leukocyte-mediated events as well as events
mediated by the products of phospholipid breakdown. Cytokines released
from the mast cells, including histamine, serotonin, and neutrophil
chemotactic factor, collectively promote vasodilation and capillary
endothelial permeability and cause pain. Plasma proteins from the clotting,
kinin, and complement cascades participate in all aspects of the
inflammatory response. Neutrophils regulate inflammation and attract
macrophages to the area and perpetuate the inflammatory response.
Prostaglandins and leukotrienes formed from phospholipids cause pain in
many cells, influence capillary membrane permeability, and attract
leukocytes. Ultimately, M2 macrophages and other factors exert an anti-
inflammatory action, and repair begins.

. Discuss the relationship between the signs and symptoms and the
physiological events characteristic of the acute inflammatory response.

The signs and symptoms of acute inflammation include heat, redness,
pain, loss of function, and swelling. Heat and redness occur with
vasodilation, which is caused by histamine and complement cascade
proteins. Pain is caused by irritation of free nerve endings by prostaglandin
E2, bradykinin, and pressure created by swelling. Loss of function stems
from pain. Swelling results from the attraction of water to free proteins
accumulating in the interstitium. Normally, very few plasma proteins pass
through the capillary membrane. However, several chemical mediators of
inflammation increase the permeability of the capillary membrane, allowing
plasma proteins to escape. In addition, the breakdown of the cell
membranes of damaged tissue contributes to the pool of free proteins in the
interstitium. In short, injury and acute inflammation disrupt normal
capillary filtration pressure balance. Interstitial fluid will accumulate until a
new pressure balance is reached. Swelling will resolve when free proteins
are removed from the interstitium by lymphatic drainage.

. Discuss the physiological events responsible for swelling associated with
tissue injury, as well as treatment strategies for swelling.

Swelling results from increased permeability of the capillary membrane.
Proteins leaking into the tissue attract water (exert an osmotic pressure).



The accumulation of proteins and water is observed as swelling. Swelling
can be minimized through elevation, which decreases capillary hydrostatic
pressure, and external compression, which introduces a counterforce to
increased interstitial osmotic pressure. Muscle contractions promote the
movement of lymph and resolution of swelling.

. Discuss the similarities and differences in repair of muscle, tendon, bone,
and ligament.

Damage to these tissues results in the initiation of an inflammatory
response, but several factors affect how repair and remodeling proceed.
Tissues with more blood supply have greater access to neutrophils needed
to begin clearing out dead cells and disrupted extracellular matrix. Well-
vascularized tissue, such as muscle, is also under greater influence from the
endocrine system. Poorly vascularized tissue such as tendon may not repair
due to a blunted inflammatory response and a failure to phagocytize
damaged tissue and up-regulate tissue repair pathways. Intracapsular
ligaments, such as the anterior and posterior cruciate of the knee, will not
heal due to their inability to bridge the gap between tissue ends with a
provisional matrix. When phagocytosis does occur, repair will proceed
under the influence of the endocrine system and cytokines released locally.
Ultimately there is enough cell activity to restore the extracellular matrix.
Remodeling of repaired tissues occurs in response to forces imposed on the
tissues.



Chapter 5
Pain and Pain Relief



Objectives

After reading this chapter, you will be able to

describe the multidimensional nature of pain;

explain the role of pain in preserving health and well-being;

discuss how the pain response can assist in evaluating an injured athlete;

describe how pain is sensed and how the pain message is transmitted to the

central nervous system;

describe the differences between acute and lasting pain;

identify common causes for persistent pain in active people, including

diagnostic errors and somatic dysfunction, faulty plans of rehabilitation,

rest-reinjury cycle, complex regional pain syndrome, myofascial pain, and

depression and somatization;

7. discuss the meaning and implications of neuroplasticity on pain and pain
modulation;

8. describe alterations in the nociceptive system that may increase pain
perception; and

9. discuss the differences between chronic and persistent pain.
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A soccer player presents to the athletic training clinic complaining of severe,
well-localized back pain. What questions should you ask to determine the nature
of the injury? After obtaining a complete medical history and a history of the
current condition and completing a physical examination, you conclude that the
pain and muscle spasm are resulting from hypomobility at one or more lumbar
spine facets. In a subsequent evaluation, a team physician agrees with this
assessment. How does the dysfunction at the facet result in pain? The perception
of pain is a complex neurophysiological phenomenon and will be a focus of this
chapter. The soccer player is upset because the physician tells her that her back
will take a few days to respond to treatment and she will be unlikely to play in a
match this weekend. Is there an emotional response to injury, pain, and
dysfunction?

You treat this patient with transcutaneous electrical nerve stimulation
(TENS) and superficial heat before performing muscle energy techniques to
restore joint mobility, and you instruct her to perform therapeutic exercise. The
patient reports much less pain after treatment. What mechanisms would explain



such a response? Understanding pain and ways to manage pain is important
when you are using modalities.

Pain is critical to human survival. Pain causes the injured person to seek
medical attention. However, pain is misery, and it limits function. Clinicians who
care for the musculoskeletal system must thoroughly understand pain and the
psychological responses to pain and loss of function. In the case study at the
beginning of this chapter, the patient’s pain brings attention to a joint
dysfunction that limits function and her ability to participate in sport. Clinical
experience and findings of the physical examination guide the clinician’s
prognosis about return to competition. Your knowledge of injury, pain, and
associated muscle spasm allows for appropriate treatments to minimize suffering
and, in this case, speed return to sport. Pain is also used as a guide for
therapeutic exercise. If an overzealous patient pushes him- or herself too hard
during rehabilitation and exercises to the point of pain, progress is slowed. On
the other hand, fear of pain and reinjury can cause the patient to avoid activity,
which can also slow recovery and in some cases preclude a return to work or
sports.

The application of modalities can modulate pain during the rehabilitation
process by allowing controlled exercise that achieves pain resolution while
restoring function and promoting a return to participation. Pain relief is often a
focus of therapeutic modalities and is the main reason most people seek medical
attention. Pain during rest or beyond what is necessary to protect the athlete
should be treated with medication, modalities, and activity modification. The
goal is to reduce pain so that therapeutic exercise can be performed and function
can be restored. Heat, ice, ultrasound, electrical stimulation, and mechanical
therapies can all reduce pain.

In chapter 4, pain was identified as one of the cardinal signs of inflammation.
However, pain is far more than a symptom caused by the chemical stimulation of
free nerve endings. As suggested in the case study at the opening of this chapter,
pain is a warning sign that limits function and affects a person psychologically
and emotionally. Pain is also a common aspect of athletic performance. The
mantra "no pain, no gain" is testimony to the hard work and suffering required to
excel. The clinician and athlete must distinguish the normal pain of training and
competition from that which indicates a condition requiring medical attention.
Pain that is associated with impaired motion and aberrant movement patterns
requires evaluation by a health care professional.

This chapter addresses the questions that arise from the case study and
provides an in-depth review of the anatomy and physiology of pain and the
body’s pain-relieving mechanisms. The chapter defines pain; addresses the



function, multidimensionality, and physiology of pain; and identifies nervous
system structures that carry and receive sensory input. The clinical evaluation
and interpretation of pain are reviewed, as are factors that affect persistent or
chronic pain. Finally, contemporary theories of pain control are described.



What Is Pain?

Pain is defined by the International Association for the Study of Pain (IASP)
as “an unpleasant physical and emotional experience which signifies tissue
damage or the potential for such damage” (IASP 1979, p. 249). This definition
points to the complexities of the pain experience, yet it is not comprehensive.
Importantly, the definition highlights the fact that pain is not simply a physical
experience. Pain affects the entire organism, altering physical and psychological
processes. Despite its age, the definition remains standard. The clinician must
appreciate the impact of the injury on the athlete and treat from a holistic
perspective. Failure to understand the emotional component of pain can affect
the relationship between the health care provider and the injured person and can
slow recovery.

Pain, however, is not always associated with actual or potential tissue
damage. Pain can linger well beyond tissue repair or emerge in the absence of
injury. Such pain may result from structural changes in the nervous system that
affect how the body modulates pain signals. Pain may also emerge from, rather
than simply cause, changes in our psychological state. The root causes of
psychogenic pain are complex and well beyond the scope of this text, but they
are linked to neurochemical imbalance. The pain felt by patients is real despite
the absence of structural injury.

Much of the pain experienced by athletes and other physically active people
is related to structural injury. The clinician’s goal is to identify that source of
pain. Pain changes how we move and makes us miserable. Therefore, early
intervention after injury must address the relief of pain. However, despite the
unpleasantness associated with pain, it is essential for human survival. Pain
protects the body by warning of impending injury, and it is an important guide in
the progression of a plan of care. We must also remember that pain signifies that
something is wrong. Inflammation, pain, and loss of function are interrelated.
Using therapeutic modalities to decrease pain allows the injured person to
perform therapeutic exercise that will then facilitate the return of normal
movement and function. However, if pain persists, it is essential to reevaluate the
patient. It may be that something else is wrong or that the patient is not ready to
progress to new challenges in rehabilitation. Pain does not linger without reason.

The skillful clinician incorporates questions about pain into the interview or
history portion of the physical exam. Pain also should be quantified so that it
will become apparent whether pain is increasing or decreasing over time or after



a therapeutic intervention. The answers provided by the patient narrow the
diagnostic possibilities and focus the remainder of the physical exam. Thus,
although pain relief is usually the first priority of treatment, the pain experience
motivates the injured athlete to seek care and helps the sports medicine team
make an assessment. Clinical methods of resolving pain are addressed in chapter
6.



Transmission of the Pain Sensation

The most common use of therapeutic modalities in the treatment of
musculoskeletal injuries is to relieve pain. As clinicians, we need to understand
the science behind the pain pathways to develop the best way to interrupt that
signal to relieve pain. Any therapeutic intervention has the capacity to alter pain
transmission, but the focus of modalities is to use heat, cold, light, sound, or
electricity to reduce the transmission or perception of pain so that rehabilitative
exercise may be done. The transmission of pain can be affected peripherally
where the nociceptors are found, at the spinal cord level and within the brain.
Therapeutic modalities such as cold application affect the transmission of signals
from the periphery, while TENS affects signal transmission from peripheral
nerves to nerves within the spinal cord. TENS may also affect pain transmission
by altering the effects of higher brain centers on synaptic transmission in the
spinal cord. To understand how modalities can change a pain experience, you
must understand the pathways for transmission of painful (noxious) and
nonnoxious sensory information (touch, temperature, vibration, and
proprioception).

Peripheral Sensory Receptors

All information about our environment and the relationship of our bodies to
the environment is transmitted to higher brain centers from peripheral sensory
receptors. Sensory receptors can be classified as special, visceral, superficial, or
deep. Special receptors provide the senses of sight, taste, smell, and hearing and
contribute significantly to balance. Visceral receptors perceive hunger, nausea,
distension, and visceral pain. These two groups of sensory receptors have little
impact on the perception of, and response to, the pain of musculoskeletal injury.
The peripheral sensory receptors, however, provide the central nervous system
with information about pain, touch, vibration, temperature, and proprioception.
These receptors are very important in transmitting information about the status
of the musculoskeletal and integumentary systems.

The superficial receptors transmit sensations such as warmth, cold, touch,
pressure, vibration, tickle, itch, and pain from the skin (Berne, Koeppen, and
Stanton 2010). The deep receptors transmit information about position,
kinesthesia, deep pressure, and pain from the muscles, tendons, fascia, joint
capsules, and ligaments (Berne, Koeppen, and Stanton 2010). The superficial



and deep peripheral receptors transmit the impulses that result in the perception
of pain after injury. Table 5.1 identifies the categories and functions of peripheral
sensory receptors.



Table 5.1  Peripheral Sensory Receptors

SUPERFICIAL

Mechanoreceptors Meissner's corpuscles Pressure and touch
Pacinian corpuscles Skin stretch and pressure
Merkel calls
Ruffini endings
Thermoreceptors Cold receptors Temperature and lemperature
Hot recepiors change
MNociceptors Free nerve endings Pain
DEEP
Propricceptors Golgi tendon crgans Changes in muscle length and
Pacinian corpuscles muscle spindle lension
Ruffini endings Change in joint position
Vibration
Joint end range, possible heat
MNociceptors Free nerve endings Pain

Superficial Receptors

The superficial receptors, also called cutaneous receptors, can be subdivided
into three categories based on the types of stimuli to which they respond:
mechanoreceptors, thermoreceptors, and nociceptors. Mechanoreceptors
respond to stroking, touch, and pressure. Some of these receptors adapt rapidly
and perceive changes in stimulation. The hair follicle receptors, Meissner’s
corpuscles, and Pacinian corpuscles respond to changes in pressure and touch. In
contrast, Merkel cell endings and Ruffini endings, which respond to pressure and
skin stretch, are more slowly adapting (Berne, Koeppen, and Stanton 2010).
These receptors respond to sustained stimuli.

Thermoreceptors respond to temperature and temperature change. Cold and
warm receptors are slowly adapting but discharge in phasic bursts when the
temperature changes rapidly. These receptors respond over a large temperature
range. However, warm receptors stop discharging at temperatures that damage
the skin. The pain of thermal burn results from the stimulation of free nerve
endings and nociceptive afferent pathways. Cold receptors continue to discharge
when tissue cooling is perceived as painful. However, cooling slows the
conduction velocity of the nerves between the sensory receptor and the spinal
cord (Knight 1995). Thus, tissue injury due to cold (frostbite) is not particularly
painful. However, when the frostbitten tissue thaws, there is considerable
inflammation and pain.

Nociceptors form the third category of superficial receptor. Nociceptors, also
labeled free nerve endings, are stimulated by potentially damaging mechanical,



chemical, and thermal stress. It is now recognized that not all nociceptors
respond identically. These receptors can be categorized as being mechanical
sensitive, chemical sensitive, heat/cold sensitive, or sensitive to a broader range
of stimuli (polymodal). There are more polymodal receptors than any other type.
The second most common nociceptor is classified as inactive or silent. These
nerve endings become active in response to painful events and may explain some
of the changes in pain sensitivity throughout life.

Following acute injury, chemical-sensitive nociceptors are stimulated by
prostaglandins, bradykinin, substance P, serotonin, and other chemical
mediators of inflammation. Mechanical-sensitive nociceptors respond to
pressure and distension, including that which results from swelling. Polymodal
nociceptors conduct painful stimuli that result from mechanical and chemical
stimulation as well as extremes of heat or cold, while some nociceptors only
respond to extremes in temperature. The body is well equipped to respond to
damaging or potentially damaging temperatures, mechanical forces, and changes
in the chemical environment. The specialization in the nociceptive system also
allows distinctions to be made between pain caused by temperature extremes,
pressure, and damaged tissue.

Deep Tissue Receptors

There are receptors in the joints as well as in the ligaments, tendons, and
musculature. They are equally complex and provide further sensory information
to the central nervous system about pressure (stress and strain), tension, and
pain. Ligaments and other deep tissues are supplied by mechanoreceptors (figure
5.1) and nociceptors. The joint receptors include Ruffini endings, which are low
threshold, slow adapting and respond to stress; Pacinian corpuscles that are low
threshold, rapidly adapting and respond to velocity of movement; Golgi-like
receptors that respond to compressive force; and free nerve endings that respond
to pain. Nociceptors or free nerve endings signify that motion has exceeded
normal limits and that stabilizing structures are at risk of failing or that injury
has already occurred. The body’s connective tissue or fascial network is also
supplied with sensory receptors. Fascia, the “glue” that holds the body together,
surrounds the muscles and organs and literally connects the body from head to
toe. The innervation of fascia has not been fully explored. However, input from
mechanoreceptors and nociceptors affects the resting length and tension of
muscle and is likely the underlying cause of complex pain patterns labeled
myofascial pain syndrome, discussed more extensively in chapters 6 and 17.
Muscle receptors include the muscle spindles, which respond to changes in the



length of the muscle and are responsible for muscle tone, and Golgi tendon
organs, which respond to muscle force. It has been proposed that these receptors
are reflexively linked to the skin as well as to the surrounding musculature.



Figure 5.1 Deep tissue receptors. The central nervous system receives
information from mechanoreceptors and nociceptors of muscle, ligament, and
fascia.
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Pathways for Transmission of Acute Pain

Acute pain travels along the neocortical tract, which is a fast, three-neuron
pathway from the periphery to the cortex. The paleocortical tract is slower and
more complex; the pain stimuli travel to the cortex in a manner that can explain
the complex emotional components of pain.

Neocortical Tract Pain

Pain is transmitted from the injured area to the brain in a systematic fashion.
Acute pain is a rapid, three-neuron sequence that provides accurate information
about the location of injury. The nociceptor is the sensory organ in the tissues
that is sensitized to the painful stimulation. The information travels to the spinal
cord via the sensory nerve, also referred to as a first-order neuron. All sensory
nerve fibers have their cell bodies in the dorsal root ganglia and synapse in the
spinal cord in the dorsal horn. The second-order pain nerve fiber crosses to the
opposite side of the spinal cord (decussates) and transmits the information up to



the thalamus. Various sensory inputs (touch, deep pressure, vibration,
temperature, proprioception, and pain) travel in organized columns of second-
order nerves from the spinal level to the brain. Many second-order afferent
nerves carry information about multiple sensations, and they are termed wide-
dynamic-range second-order afferent nerves. Some second-order afferent nerves,
however, are specific to the transmission of pain. At the thalamus, there is a
synapse onto the third-order neuron that carries information to the sensory cortex
of the brain where the pain is acknowledged. This three-neuron pathway is
called the neocortical system (figure 5.2). It detects the “first pain” (Bolay and
Moskowitz 2002), which is well localized, discriminative, and lasts as long as
the acutely painful stimulus is applied.



Figure 5.2 Acute pain pathway, the three-neuron pathway that represents “first
pain” or the neocortical tract. The painful stimulation travels to the spinal cord
from the peripheral sensory organ via the dorsal root ganglion. There is a
synapse in the dorsal horn of the spinal cord, and the second-order neuron
ascends to the supraspinal levels via the lateral spinothalamic tract after crossing
(decussating) to the opposite side. There is another synapse in the thalamus and
termination at the sensory cortex.
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The following neurological components are important in the acute pain
pathway:

e Nociceptor (in the skin, soft tissue, and periosteum).

e Sensory nerve (cell body is in the dorsal root ganglion and synapses in the
dorsal horn of the spinal cord). This is the first-order neuron. Typically, this
is an A-delta fiber.

e Second-order afferent neuron (T cell) “transmits” a signal to the thalamus.
The name T cell is given to this neuron since pain, temperature, light touch,



vibration, and deep touch are carried on different tracts. Therefore T cell is
a generic name for the second-order neuron.

e Thalamus: Cell bodies of the third-order neuron are clustered in nuclei
organized according to the stimulus and its origin.

e Sensory cortex: Area of the brain that identifies the location of pain.

Paleocortical Tract Pain

“Second pain” is associated with the affective-motivational aspects of the
pain experience and is organically connected to various supraspinal areas in the
brain. This pain network provides the basis for integrating sensory input with
emotional centers of the nervous system and is linked to Melzack’s neuromatrix
theory of pain (Melzack 2001). The neuromatrix theory describes the brain as
the central command center where multiple inputs from memory, various brain
centers (nuclei), and interneurons affect the magnitude and overall effect of the
pain experience.

As with the neocortical pathway, the initial transmission begins with the
receptor. Typically, intense stimuli activate polymodal nociceptors and promote a
diffuse, unpleasant, and persistent burning sensation that lasts beyond the acutely
painful stimulus. An example of this pain would be the burning sensation of an
application of capsaicin, which is the noxious component of hot peppers applied
to the skin. The transmission to the spinal cord is similar to that in the
neocortical signal, but this pain is carried on C fibers, which are smaller in
diameter and have a slower transmission rate because they have less myelin. It is
theorized that since the signal is slower, there is more time for a vast, diffuse
network of interneurons to be activated in the central nervous system. Wide
dynamic range neurons responding to both somatic and visceral stimulation are
activated. These signals infiltrate many neurological centers as the input ascends
to the supraspinal areas in the brain. The limbic system that is responsible for
emotional responses is affected, as are the pituitary gland and hypothalamus,
which control vegetative and endocrine functions. Centers for attentiveness,
well-being, sleep, and motor activity such as the periaqueductal gray area, the
reticular formation, and the raphe nucleus are also activated. These brain centers
also have a role in descending pain modulation (see Descending Pathways) when
targeted specifically. The second neurological pathway for pain is termed the
paleocortical system (figure 5.3).



Figure 5.3 The second pain neurological pathway; the paleocortical system.
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Neurological structures associated with second pain include the following:

Nociceptors activated (chemical, mechanical, and polymodal).

Sensory nerve (typically C fiber) or first-order neuron that synapses in the
dorsal horn of the spinal cord and activates nociception-specific neurons in
lamina I and II.

The second-order neurons are also transmitted via the T cell but synapse
onto multiple centers, including the reticular formation, periaqueductal
gray, thalamus, hypothalamus, and pituitary gland.

Reticular formation: Diffuse network of neurons that mediate motor,
autonomic, and sensory functions.

Periaqueductal gray (PAG): Directs descending inhibition.

Hypothalamus: Regulates vegetative and endocrine functions throughout
the body.

Pituitary: Controlled by hormonal or neuronal signals from the
hypothalamus. The pituitary is the master gland of the endocrine system.
Thalamus: Final gateway/relay center for all afferent input (except
olfactory). Specific nuclei direct the function of the thalamus.

Limbic system: Role in motivational, emotional, and affective behavior.
Has input from the thalamus, hypothalamus, and cortex.



e Sensory cortex: Area of the brain that identifies the location of pain.
Receives input from all sensory and associated cortical areas and projects to
the reticular formation and limbic system. Central processing center.

Afferent Pathways

Impulses generated at the sensory receptors are transmitted to higher centers
by afferent, or sensory nerves (figure 5.4). A first-order afferent is a nerve fiber
in the periphery (outside the central nervous system); it has its cell body in the
dorsal root ganglia and synapses in the spinal cord. The afferent nerves are
classified according to structural and functional characteristics. Specifically,
categories of sensory nerve fibers are grouped by the diameter of the nerve,
which reflects the degree of myelination, the conduction velocity, and the nerve’s
function. The function of nerve fibers determines the type of sensory information
carried by that nerve: light touch, pressure, pain, or temperature. Faster
conduction velocity occurs in nerves with more myelination. Thus, larger-
diameter nerve fibers are more heavily myelinated and are faster-conducting
than smaller-diameter, thinly or nonmyelinated nerves. For the purposes of
understanding pain and pain modulation theories, differences in the nerve fibers
must be understood. The first-order neurons involved with pain signal
transmission or modulation are classified in table 5.2. There are other types of
first-order neurons, but these do not have a function in pain and pain modulation,
so they are not included.



Figure 5.4 Primary afferents synapse with second-order afferent fibers in the
dorsal horn of the spinal cord. Sensory information is perceived in the opposite
sensory cortex; the pain fibers cross at the level of synapsing, but touch and
vibration cross in the higher brain centers.
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Table 5.2 First-Order Afferents

Type and [LET T T Conduction Information
group {pum) velocity (ju.s) transmitted

MYELINATED
A-bela 6-12 a6-72 Skin Touch, vibration
A-dalta 1-6 6—36 Skin Touch, pressure,

temperature, pain

UNMYELINATED

c <1 0.5-2 Muscle Pain
Skin Touch, pressura,
temperature, pain

Reprinted from Athletic Training Spont Health Care Perspective, vol. 2(2), C.A. Denegar and E.FH. Bowman, “Electrotherapy
in tha eatmant of athlatic injuries” pgs. 108-115, Copyright © 1966, with permission from Elseviar,

The A-beta fibers originate from hair follicles, Meissner’s corpuscles,
Pacinian corpuscles, Merkel cell endings, and Ruffini endings. These fibers
transmit sensory information regarding touch, vibration, and hair deflection.
They are large-diameter, myelinated nerves. These characteristics make the A-
beta fiber a fast-conducting nerve fiber. The A-beta fiber has a relatively low
threshold, making it easily stimulated. These fibers also accommodate to stimuli
quickly. For example, you feel your shirt when you put it on, but it is unlikely
that you receive constant sensation about your shirt unless the stimulation
changes.

The A-delta fibers transmit information from warm and cold receptors, a few
hair receptors, and chemical, mechanical, heat- and cold-sensitive free nerve
endings, thus transmitting pain. The free nerve endings supplied by A-delta
fibers primarily respond to noxious mechanical stimulation such as pinching,
pricking, and crushing. The A-delta fibers are myelinated, but they are smaller
than A-beta fibers and thus have a slower conduction velocity. It generally takes
more sensory information to send a signal as pain rather than touch. For
example, a light or even deep pressure is transmitted as touch, but firm, high
pressure is transmitted as pain.

The C fibers are the smallest afferent peripheral nerves that are associated
with pain. They are unmyelinated and also include the efferent postganglionic
fibers of the sympathetic nervous system. Those fibers that originate at deep
receptors are primarily mechanoreceptors and nociceptors. A few peripheral type
C afferents are thermoreceptors, but most are mechanosensitive or polymodal.
The C fibers are the slowest of the sensory nerve fibers in conduction and
require a greater stimulation than the others to elicit a response.

Supraspinal Centers



The primary target for the second-order neuron in both pleasant and noxious
sensory input is the thalamus, just above the brainstem in the diencephalon. The
cell bodies of the third-order neurons are located in clusters, or nuclei, of the
thalamus. Here the sensory information is organized, and the thalamus becomes
a relay center with facilitatory and inhibitory circuits. Figure 5.5 represents the
organization of the thalamus. The ventral posterior lateral (VPL) and ventral
posterior medial (VPM) nuclei are identified as the most significant for pain
transmission and pain modulation (Berne, Koeppen, and Stanton 2010). The
fibers ascending from the body synapse in the VPL, whereas the fibers from the
head and face synapse in the VPM. The thalamus modulates input from the
ascending nerves before transmitting it to the somatosensory cortex. Ultimately,
the localization and discrimination of pain occur in the postcentral gyrus of the
cortex of the brain. The thalamus also relays input to the limbic system, which
regulates the emotional, autonomic, and endocrine response to pain. Thus, the
thalamus relays sensory input that provides for the sensory-discriminatory and
affective-motivational aspects of pain.



Figure 5.5 The organization of the thalamus.
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Descending Pathways

Pain transmission is afferent, meaning that it travels in an ascending fashion
to the sensory cortex, where the signal is processed. However, because of the
paleocortical tract and the influence of interneurons, various pathways that can
interrupt the pain signal have been identified. Any activity that occurs after the
cortex has received the input is described as occurring along the descending
pathways. The descending tracts ultimately have an excitatory or inhibitory
action on new impulses that are being transmitted in the spinal cord.

The paleocortical tract describes the diffuse ascending pathways of noxious
stimulation. Some of the second-order neuron afferents terminate directly in the
periaqueductal gray (PAG) formation in the midbrain. The noxious stimulation
causes specific neurotransmitters to activate other brain centers such as the
reticular formation and the raphe nucleus. The reticular formation is in the
brainstem and helps to control autonomic functions, has some motor function,
and helps to provide collateral sensory signals to higher brain centers. The raphe
nucleus is an area that controls the level of arousal and affects the individual’s
perception of well-being. These brain areas—the PAG, the reticular formation,
and the raphe nucleus—all have the potential to affect the perception of pain
through a descending mechanism. For example, in a painful situation, continual
impulses are sent from the receptor to the spinal cord and then to the cortex,
where the pain is acknowledged consciously. Inflammation and its chemical
mediators sensitize receptors, increasing the pain impulse. When the PAG is
activated, a network is initiated that can calm the person and help to filter out
some of the pain signals by exciting the reticular formation and the raphe
nucleus. The pituitary gland also produces hormones and neuropeptides that help
regulate the signals at the spinal cord level. These brain centers ideally lessen the
impulses to the cortex. Evoking these descending modulation areas is the goal of



pain management, through either medication, modalities, or stress relief. The
neuroanatomic representation of these important relay centers is depicted in

figure 5.6.



Figure 5.6 Brainstem structures involved in pain perception and modulation.
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The diffuse network of messages and the activation of brain centers during a
painful event may exacerbate the situation. The hypothalamus, pituitary, reticular
formation, and raphe nucleus control subconscious, vegetative functions such as
respiration, heart rate, attention, sleep, and general feelings of impending doom.
When these areas are not inhibited, the affective-emotional response to pain is
similar to shock. Painful stimulation continues to flow to the cognitive areas, and
the perception of pain increases. It becomes more difficult to concentrate on
other activities, and the patient’s functional capacity is limited. These areas of
the brain respond neurochemically and are strongly affected by medications.
They are not controlled by consciousness, although calming, reassuring
techniques are often helpful. A phenomenon known as “windup” describes how
noxious stimulation can spiral out of control, resulting in a pain syndrome that
exceeds its benefit of alerting the injured person to potential harm. The presence
of peptide neurotransmitters such as substance P, combined with the release of
the excitatory amino acid glutamate in central nociceptive nerve terminals,
results in temporal summation. This alters the response characteristics of the



second-order cells in the spinal dorsal horn, resulting in a sustained C fiber
input. The sensitization of the postsynaptic nerves to such sustained input results
in a state of hyperstimulation.

Efforts should be made to control pain with activity modification (rest,
splinting), pharmacological agents if needed, stress reduction to prevent
neurogenic shock, and therapeutic modalities. Proper treatment usually prevents
the hyperstimulated state in an acute injury. However, windup may occur
insidiously with persistent pain syndromes that are discussed later in this chapter.

Synaptic Transmission and Transmitter Substances

Communication from one nerve fiber to the next takes place at the synapse
between the two nerves. Impulses from a presynaptic nerve may stimulate
depolarization of the postsynaptic nerve by releasing a transmitter substance.
When this occurs, the transmitter substance is facilitatory. However, not all
substances released from presynaptic nerves stimulate depolarization from
postsynaptic nerves. Some transmitter substances are inhibitory and block the
depolarization of the postsynaptic nerve. Neuroscience has significantly
advanced the understanding of transmitter substances. Many biogenic amine
transmitters, amino acid transmitters, and neuroactive peptides have been found
to influence synaptic transmission at various locations in the nervous system.
Acetylcholine and glutamate are important facilitatory transmitters.
Acetylcholine is involved with the transmission of signals at neuromuscular
junctions and the functions of the sympathetic and parasympathetic nervous
systems. Glutamate plays a role in most excitatory activity in the central nervous
system. However, glutamate is not the only transmitter of pain signals. Substance
P contributes substantially to the transmission of pain signals in the dorsal horn,
which may be further facilitated by nitrous oxide.

Glycine and GABA are inhibitory neurotransmitters. Glycine is predominant
in the spinal cord while GABA is found both in the spinal cord and in the brain.
Understanding the role of these chemicals helps us determine the best method
for applying physical agents or pharmaceutical agents for pain modulation.

Beta endorphin, dynorphin, methionine enkephalin, and leucine enkephalin
are classified as opioid peptides because they bind to the same sites as the opiate
drugs. Because these neurochemicals are produced by the body, they are
considered endogenous opioids, and they inhibit the transmission of pain
impulses. Beta endorphin is a large peptide chain found in distinct locations
within the central nervous system (Jessell and Kelly 1991). Beta endorphin has a
half-life of about 4 hours, so it can produce long-lasting pain modulation.



Dynorphin and the enkephalins are smaller amino acid chains and are more
widespread. They have a much shorter half-life, ranging between 45 seconds and
20 minutes. Enkephalins play an important role in counteracting the effects of
substance P in the dorsal horn. Substance P promotes the propagation of pain
signals to second-order afferent nerves, while the release of enkephalins blocks
or modulates signal transmission.

In the central nervous system, endogenous opioids occupy the same receptor
sites as narcotic medications. Endogenous opioids are important to maintaining
homoeostasis and managing the painful stimuli experienced in daily life.
Narcotic medications are very effective at controlling severe pain, but when a
patient is prescribed narcotic pain medication, pain modulation through
endogenous mechanisms is often inhibited. Thus, when a patient is taking
narcotic pain medicine, it increases the difficulty of reducing pain with
therapeutic agents.



When Pain Persists

Fortunately, most people who suffer musculoskeletal injuries recover and
resume pain-free activity. However, not all musculoskeletal conditions are
acutely painful, and some patients fail to respond to treatment. Moreover, some
patients present with complaints of pain without an identifiable pathology. These
situations challenge the clinician to find the sources of the persistent or chronic
pain and challenge the patient to understand and cope with the condition.

Persisting pain is a complex subject and requires some operating definitions.
In this book "persistent pain" and "chronic pain" define different problems.
Chronic pain has been defined based on a duration of pain such as 3 or 6 months,
or the effects of lasting pain on ability to participate and quality of life (ICSI
2009). Chronic pain can also be linked to chronic health conditions such as
arthritis, nerve injury, and cancer. Chronic pain has also been defined in the
context of response to treatment. An International Society for the Study of Pain
(IASP) task force defined chronic pain as “persistent pain that is not amenable,
as a rule, to treatments based upon specific remedies, or to the routine methods
of pain control such as non-narcotic analgesics” (Merskey and Bogduk 1994, p.
209). The etiology of chronic pain is discussed in the last section of this chapter,
but from this definition we learn that the treatments and exercise programs
discussed in this book do not provide meaningful relief for those who suffer true
chronic pain.

Persistent pain, by contrast, lasts beyond what is expected when tissue is
injured and an acute inflammation ensues but is amenable to treatment with
therapeutic modalities, including exercise and medication. A patient may present
with persisting pain (e.g., "my shoulder has been bothering me for more than a
month. I thought it would get better, but now I can't even sleep through the
night") or with an apparent acute injury only to have symptoms persist.

From these definitions it should be clear that the distinctions between
persistent and chronic pain are not absolute. Duration of symptoms, limitations
in function, participation restrictions, and diminished quality of life due to pain
do not preclude meaningful improvement through effective care. Similarly, a
structural lesion such as an arthritic knee does not equate with prolonged,
unremitting pain. Prolonged pain can truly be labeled chronic only when relief
requires narcotic medications. The first step in treating patients with persistent
pain is identifying the source or sources of their symptoms. The failure to
respond to a plan of care that may include non-narcotic medications, the



application of therapeutic modalities, exercise, and the use of assistive devices
and orthoses strongly suggests that the pain being reported is intractable and
chronic. Without seeking relief through these treatments, however, one cannot be
certain of the possibilities.

Finally, the association of persistent pain and psychological factors must be
considered. Pain will often affect patients’ health-related quality of life, thus
affecting their social life and overall feeling of worth. Factors that relate
therapeutic modalities, assessment, treatment, and referral are addressed in
chapter 2.



Sources of Pain

The causes of persistent pain span a spectrum from physical or structural to
principally psychological. First, and very importantly, recognize that symptoms
consistent with injury to connective tissue may not emanate from the
musculoskeletal system. Cancer is of particular concern. Cancer affecting the
vital organs (liver, pancreas) as well as the prostate, as examples, can cause
persistent low back pain, sometimes before other signs and symptoms emerge.
Cancers affecting bone may mimic the symptoms of stress injuries. All clinicians
should consider nonmusculoskeletal sources of persisting musculoskeletal pain
and be familiar with the signs and symptoms of cancer.

Once serious medical conditions are ruled out, the next steps are to
systematically consider the source or sources of persistent pain. While there is
no single approach to evaluating these complex cases, we propose that clinicians
first try to identify or rule out structural and biomechanical sources of persistent
pain (figure 5.7). Much can be learned from the history of the presenting
condition and physical examination. Patients who report immediate pain
resulting from trauma need to be evaluated for sprains, strains, and fractures.
Those who cannot identify a distinct incident are more likely to suffer from
tendinopathy, stress fracture, pain radiating along a compressed nerve, or
"syndrome" such as patellofemoral pain or glenohumeral impingement. The pain
associated with syndromes and stress fractures likely results from repeated
loading and stimulation of sensitized mechanical and polymodal free nerve
endings. Pain resulting from pressure on nerves (radicular) often has a sharp,
burning quality and may manifest quite distal to the site of compression. For
example, pressure on the sixth spinal nerve caused by a cervical disc herniation
may cause thumb and forearm pain but not neck pain. Tendinopathy is an
enigma. It is not clear why some people with tendon degeneration suffer pain
while others do not or whether all tendon-related pain has the same cause. The
good news is that with appropriate medical care involving the judicious use of
medication and therapeutic modalities combined with exercise, these conditions
can be effectively treated. Unfortunately, some patients present having failed to
respond to previous treatment efforts.



Figure 5.7 Persistent pain spans a spectrum from physical to principally

psychological.
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Reprinted, by permission, from C.R. Denegar and A. Peppard, 1997, “Evaluation and treatment of
persistent pain and myofascial pain syndrome,” Athletic Therapy Today September 2(4): 40.

Reevaluation

When recovery is not progressing as anticipated or a new patient presents
reporting that previous plans of care failed to resolve symptoms, a detailed
reevaluation is needed. Important elements of the patient’s medical history and a
history of the current condition should be confirmed and new questions asked
when more information is needed. A complete physical re-examination is also
warranted. The presentation of patients changes over time, and the clinician is
seeking to learn why symptoms are persisting. Once the examination is complete
the data are evaluated against several possibilities. First, the failure to improve
may involve a diagnostic error or a treatment plan than is inappropriate for the
condition. Persisting symptoms may result from faulty biomechanics. In some
athletes and workers the resolution of pain is interpreted as full recovery
resulting in a cycle of rest and reinjury.

Diagnosis

Accurate diagnoses are essential for effective intervention; you can't treat
what isn't identified. Patients with persisting pain may seek care after a period of
time, thinking or hoping their symptoms will resolve. In most cases these
patients cannot identify a single precipitating event. While such a history usually
rules out traumatic injury to bone, muscle, ligament, and tendon, the clinician
must sort out the array of potential causative and contributing factors. Plans of
treatment may involve activity modifications, specific therapeutic exercises,
taping or bracing, the application of therapeutic modalities, and medication.
Plans of care must be individualized to address the unique presentation and



needs of the patient.

The failure to respond to a plan of care adds another dimension to the
challenge of persisting pain. When appropriate improvement does not occur, or
when a patient seeks another opinion, the health care team must reevaluate the
injury and the complaint as though it were a new problem. Sometimes persistent
pain stems from a problem that was not recognized on initial examination. It is
important to remember that the source of pain may not be musculoskeletal
structures. Thus, the first step in reevaluation is to reconsider the original
diagnosis through a comprehensive review of systems. The process of
examination and evaluation continues in order to establish a new diagnosis or
confirm one made previously. If the diagnosis is confirmed, then detailed
evaluation is needed to identify how the plan of care must change to promote the
resolution of symptoms and return to work and sports. Reevaluation may reveal
the need to address movement mechanics more comprehensively. Persisting
symptoms may be related to dysfunction along the kinetic chain that is remote
from the site of pain. For example, lateral knee pain related to iliotibial band
syndrome is often attributable to hip and sacroiliac mechanics. When these
issues are identified in reevaluation, the plan of care must be changed to resolve
the patient's complaints.

It is also essential to recognize that pain may emanate from changes in how
pain is transmitted and pain signals modulated. Complex regional pain syndrome
(CRPS), myofascial pain, and true chronic pain represent different diagnoses
related to unrelenting pain or pain associated with non-noxious stimuli. These
neurogenic sources of pain must be considered in the evaluation of patients
presenting with persisting pain. CRPS and chronic pain warrant particular
consideration when the severity of reported pain exceeds what one would expect
if symptoms were solely related to musculoskeletal tissue injury.

Rest—Reinjury Cycle

Athletic excellence requires participants to put forth maximum effort and
push through pain in their training. When injured, physically active people will
generally accept a period of rest until the pain subsides. The absence of pain,
however, is often interpreted as a sign that the tissue is healed and that the athlete
can return to unrestricted practice and competition. If the tissue is not ready,
reinjury occurs, and the rest—reinjury cycle begins (Peppard and Denegar 1994).
Rehabilitation extends beyond specific treatments and therapeutic exercises and
must include a gradual return to functional exercises.

When clinicians find that persistent pain is due to a rest—reinjury cycle, they



can educate patients about the differences between conditioning and
reconditioning after injury. Reconditioning requires careful control of exercise
intensity, frequency, and duration. The exercise program must allow the person
to stay within the exercise tolerance window. Exercise that results in pain severe
enough to alter movement patterns must be avoided, and intensity and duration
must be limited to avoid postexercise pain.

Exercise associated with conditioning and training for sport after injury
begins during the remodeling phase of recovery. If someone is too sore to repeat
yesterday’s therapeutic and functional exercises, the exercise tolerance limit was
exceeded and the rehabilitation process slowed. As a well-structured
rehabilitation program progresses, the exercise tolerance window widens, and
the athlete becomes more tolerant of exercise-induced pain. Training should be
specific, structured, and, when possible, supervised. Coaches and strength and
conditioning specialists can help the injured athlete progress in gradually more
demanding sport-specific exercises and general reconditioning. The clinician
should carefully evaluate the use of therapeutic modalities in all cases of
persistent pain. This is especially important when a rest—reinjury cycle is
involved.

Physically active persons often respond well to modality application for pain
control, but they may continue to seek the treatments that allowed them to return
to practice and competition after the initial injury. A rest-reinjury cycle may be
perpetrated by continuing palliative care without educating the injured person
and his or her coaches about the problem and restricting the athlete’s exercise
program.

Plan of Care

A rehabilitation plan of care is developed based on the diagnosis, medical
history, history of the current condition, and comprehensive physical
examination. Even in the presence of a specific diagnosis (e.g., postoperative
care for an anterior cruciate ligament tear), an examination may reveal somatic
dysfunction and patterns of movement that may slow recovery, pose a risk of
injury to other structures, or increase the risk of reinjury upon return to sport and
work. Often we cannot recognize all of the contributors to persistent pain after
evaluating the patient's information and examination findings. When pain
persists or new problems emerge, such as patella tendinopathy after patellar
bone-tendon-bone anterior cruciate ligament reconstruction, the plan of care
must change. Rehabilitation following musculoskeletal injuries requires more
than a plan to resolve symptoms and impairments and regain function. The



physical demands of sport and many occupations require return to a high level of
fitness. The demands of the task dictate the training goals. A football lineman
will focus on power, while a marathon runner must build endurance. Plans of
care must be individualized and the patient fully prepared to resume
participation to minimize the risk of reinjury.

Complex Regional Pain Syndrome

Complex regional pain syndrome (CRPS), formerly labeled reflex
sympathetic dystrophy (RSD), is a symptom complex characterized by pain that
is markedly disproportional to the injury. CRPS can result from injury to nerve
(type II CRPS) but is more commonly caused by a musculoskeletal or soft-tissue
injury that does not involve nerve tissue (type I CRPS). In many respects CRPS
does not fit into a discussion of persisting and chronic pain. CRPS develops
rapidly, with significant changes occurring across a few hours to a couple of
days. However, clinicians must recognize CRPS as a serious complication of
musculoskeletal injury or orthopaedic surgery with the potential to result in
severe, permanent pain.

Severe pain is the hallmark of CRPS, but patients commonly experience
hypersensitivity to touch and movement, joint stiffness, muscle guarding, edema,
erythema, hyperhidrosis, and ultimately tissue atrophy and osteopenia. The
etiology of this condition is not fully understood, making treatment a challenge.
CRPS may occur after even minor injury and may emerge several days after an
injury or surgery. Ladd et al. (1989) introduced the term reflex sympathetic
imbalance (RSI), which highlighted the importance of attending to pain that is
out of proportion to the injury. Patients suffering from CRPS are not magnifying
their symptoms, but rather are suffering from a condition in which the pain-
modulating systems of the body are overwhelmed. Disproportional pain is the
hallmark symptom of CRPS, and other signs and symptoms may not be present
at first. Ladd et al. emphasized that RSI (and now CRPS) can be diagnosed
based only on the presence of disproportional pain, thus expediting recognition
and treatment. Early recognition increases the likelihood of successful treatment.
If disproportional pain exists, clinicians must not wait until other symptoms
appear before considering a diagnosis of CRPS and initiating appropriate
treatments.

Myofascial Pain



As previously noted, when pain persists beyond the time frame for tissue
repair, clinicians must review the situation systematically and thoroughly,
looking for diagnostic and treatment errors. If this review does not identify the
cause of persistent pain, myofascial pain syndrome (MFPS) or somatization
must be considered. Myofascial pain syndrome is characterized by pain
emanating from the muscles and connective soft tissues. It is commonly
associated with the cervical and lumbar spine; however, persistent joint pain can
result in myofascial pain patterns in the extremities as well.

There is no single cause of MFPS, making the condition difficult to diagnose
and treat. Several factors can contribute to its development, including posture,
stress, fatigue, and trauma or repetitive microtrauma with recurrent painful
episodes. In sport, repetitive microtrauma can trigger MFPS. For example,
physically active people with long histories of knee and shin pain, such as
medial tibial stress syndrome or patellofemoral pain, can develop secondary, or
type II, MFPS (Denegar and Peppard 1997). In these cases patients will continue
to report pain in the affected region despite appropriate treatment for the primary
injury. MFPS is characterized by soft tissue tightness and a pattern of local areas
of tenderness called trigger points. While trigger points are highly sensitive to
palpation and pressure, patients typically describe a diffuse, aching pain. Trigger
points manifest bilaterally, and those on the contralateral side may be more
sensitive than those on the injured side. Figures 5.8 and 5.9 depict common
trigger points associated with knee, hip, elbow, back, shoulder, foot and ankle,
and forearm and upper extremity pain.



Figure 5.8 Common trigger points associated with knee, hip, elbow, shin, and
foot and ankle pain.
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Reprinted, by permission, from C.R. Denegar and A. Peppard, 1997, “Evaluation and treatment of
persistent pain and myofascial pain syndrome,” Athletic Therapy Today 2(4): 42.



Figure 5.9 Common trigger points associated with shoulder, elbow, back, knee,
foot and ankle, and forearm and upper extremity pain.
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Reprinted, by permission, from C.R. Denegar and A. Peppard, 1997, “Evaluation and treatment of
persistent pain and myofascial pain syndrome,” Athletic Therapy Today 2(4): 42.

MFPS can result from traumatic injuries and accidents. Patients injured in
motor vehicle accidents may develop shoulder pain and headaches several
months after the accident. Often the only injury sustained was a “minor”
whiplash or low back strain. Acute pain that resolved within 3 weeks and a
lingering, aching pain that worsens with fatigue are common findings. Pain
while using a keyboard, driving, or performing other activities that place the
person in a forward-head position and stress the paraspinal musculature is a
common complaint. Neck and shoulder pain are often accompanied by
headaches. The pain often affects the person’s ability to participate in sport or
work activities. In these cases, MFPS is the primary problem.

Poor posture, faulty movement mechanics, and stress play a role in the
development of MFPS. A general lack of fitness and occupations that lead to
postural deficits are associated with type I MFPS affecting the trunk and neck
(Denegar and Peppard 1997). Some sports such as cycling and swimming can
also lead to muscle imbalances and poor posture. Often people alter movement
patterns in an attempt to avoid pain, and these natural adaptations stress tissues
that are not well conditioned, exacerbating the pain. Conversely, faulty



movement mechanics can cause repetitive microtrauma injuries that lead to type
IT MFPS. If excessive pronation is the cause of medial tibial stress syndrome or
patellofemoral pain, neither the primary problem nor type II MFPS will resolve
until running mechanics are addressed, unless, of course, the person quits
running. Thus, clinicians must assess posture and movement mechanics and
incorporate therapeutic exercises in all cases of MFPS.

Stress is common in our lives, and it is intensified by the demands of sport
and work and the pressure to succeed. Student-athletes strive to balance
schoolwork, social life, family commitments, and the demands of sports. Other
athletic people squeeze training and competition in between job and family
commitments. Everyone responds to the stresses of daily life differently.
However, many people treated for MFPS in the back, neck, and shoulders “hold”
their stress in the affected area. Many do not appreciate how much tension
resides in these areas until it is relieved through treatment. Some learn to manage
pain when they appreciate how their responses to life events affect them. Some
clinicians are very effective at helping patients understand their responses to
stress and helping with stress management. Everyone on the health care
medicine team must be able to recognize when physical responses to stress
contribute to persistent pain, and they must be able to help patients to manage
stress.

Chronic Pain

Although chronic pain has been defined as pain that lasts beyond the normal
time frame for healing or beyond a specific length of time (e.g., 6 months), the
differences between persistent and chronic pain are defined by time. The
distinctions lie in pathoetiology and response to treatments. Chronic pain results
from changes in the structure and function of components of the nervous system.
The nociceptive system is plastic, meaning that it is changeable. In the case of
true chronic pain, increased sensitivity to mechanical and thermal stimulation is
perceived as noxious because the systems that modulate pain signals fail or
descending pathways that increase pain sensitivity are activated. If these changes
are permanent, the patient may be categorized as suffering from true chronic
pain, and the condition will not improve through the administration of
therapeutic modalities.

No change in the pain modulation system is permanent. Fatigue, stress,
illness, and other factors may elevate sensitivity to pain. Understanding what
pain is signaling (cognitive appraisal), attention to other activity, rest, and
effective coping with stress can decrease pain sensitivity. An athlete may not



notice an injury suffered during a contest but might feel pain if the same injury
were sustained during a walk in the neighborhood. Aching in the shoulder or
back may resolve as an upper respiratory infection resolves. A patient who is
anxious that the pain in her knee signals a torn ligament, and potential lost
income, may experience relief if she learns that her injury is not serious. Patients
with chronic pain may experience fluctuation in the pain they perceive, but pain
is always present. Interventions that trigger pain-modulating mechanisms are no
longer effective.



Where and How Pain Sensitivity Increases

Individuals with chronic pain report pain that is unresponsive to medication
and the interventions provided by athletic trainers and physical therapists.

In the models presented in this chapter, three potential sources of change in
the nociceptive and pain-modulating system can be identified (Asmundson and
Wright 2004) that help explain why chronic pain may occur. The first involves
increased pain signaling to the dorsal horn from the periphery. Increased pain
signaling might result from up-regulation of silent nociceptors. It has been
estimated that up to one-third of free nerve endings fall into this category. These
nociceptors become sensitized to noxious stimulation through mechanisms that
have yet to be fully explained. One cause of up-regulation may be previous pain
experiences. The up-regulation of silent nociceptors is likely normal, but with
more information to modulate there is an increase in pain signaling to higher
brain centers.

A second proposed source of increased noxious input into the dorsal horn is a
change in the chemical environment around the free nerve endings. This changed
environment has been labeled inflammatory soup. Inflammatory soup describes
an environment where the persistent presence of chemical mediators associated
with inflammation (discussed in chapter 4), along with a lowered pH, sensitize
free nerve endings. The sensitized free nerve ending thus has a lower threshold
to depolarization and will respond to stimuli previously not perceived as
noxious.

Phenotype changes in the primary afferent nerves have been reported.
Phenotype changes occur when myelinated fibers assume neurochemical
properties associated with unmyelinated fibers. In other words, A-beta afferents
transmit nociception. The changes in the periphery essentially sensitize the
region, allowing normally non-pain-provoking events to be perceived as painful.

Changes in the dorsal horn may also alter signal processing in one of two
manners. First, there may be an increase in sensitivity of the second-order
afferent nerves, which would ultimately diminish signal modulation, or second,
the actual signal pathway could be altered. Altering the pathway can stimulate an
adaptation where the A-beta nerves may branch out to terminate in lamina II of
the dorsal horn. Thus not only are more primary afferent nerves nociceptive, but
also the signal is delivered directly to the portion of the dorsal horn where
synaptic transmission toward the brain occurs. Increased sensitivity has also
been attributed to increased glutamate receptor activation and NMDA (N-



methyl-D aspartate) receptor activation. Recall that glutamate (along with
substance P, neurokinin A, and other substances) is associated with noxious
transmission. Increased sensitivity of the second-order afferent nerves to
glutamate increases the transmission of the pain message to higher centers.
Increased sensitivity to NMDA results from the release of nitrous oxide (NO)
due to disruption of calcium channels caused by NMDA receptor activation. NO
can cause primary afferent depolarization, causing the release of substance P and
inflammatory cytokines in the periphery and creating a vicious cycle within the
dorsal horn. The increase in the volume of nociceptive input likely overwhelms
modulating systems and elevates pain perception.

There is also a fuller appreciation of the role of descending neural pathways
in dorsal horn signal modulation. Projections from the raphe nucleus and pons
onto the dorsal horn are serotonin- and norepinephrine-mediated pathways that
are believed to play an important role in blocking the transmission of pain
messages to higher centers. These pathways, however, are only two of many
descending influences on dorsal horn activity. Millan (2002) provides a detailed
description of pathways descending on the dorsal horn that inhibit and facilitate
the transmission of pain messages. The balance in the activity of these pathways
likely explains, at least in part, situational changes in pain sensitivity. Most of us
would probably agree that moods can affect pain sensitivity. It is likely that some
alterations in the activity in descending pathways can be long term if not
permanent and can contribute to persistent and chronic pain states.

Finally, interplay between the autonomic and somatosensory systems may
lead to increased pain perception. Our understanding of this can be linked to
efforts to find the causes of CRPS. CRPS, once known as reflex sympathetic
dystrophy, is not solely the result of sympathetic nervous system activity (Bruehl
2010). However, in patients not diagnosed as suffering from CRPS, sympathetic
efferent fibers may sprout to free nerve endings that express adrenergic
receptors. In this way, sympathetic efferent nerves can stimulate the free nerve
endings, setting the stage for increased pain signaling to the dorsal horn. High
levels of stress can activate the hypothalamic-pituitary-adrenal axis, which in
turn perpetuates sympathetic nervous system activity, creating a cycle of arousal
and pain.

In summarizing peripheral sensitization, Asmundson and Wright (2004)
noted, “It is apparent that the sensitization process is fairly complex and that
different forms of sensitization may develop depending on the nature of the
injury or disease.” In some cases the complaint of pain may be most attributable
to changes in nervous system function. Clearly, mechanisms of truly chronic
pain are not fully understood, and a more detailed presentation is beyond the



scope of this text. It is important, however, to appreciate that new developments
are likely to produce more effective treatment for more sufferers of chronic pain.
The clinician must also recognize that some people’s hypersensitivity to
normally non-pain-provoking stimuli is the result of complex changes in the
function of the nervous system.



Summary

Chapter 5 is devoted to understanding pain from multiple perspectives. Pain
signals the need for care. Information the clinician learns about the pain
experience is often the most valuable aspect of the patient interview. Although
pain as a symptom is generally recognized, the mechanisms by which pain is
transmitted and perceived require foundational information in neuroanatomy and
physiology. Neural pathways and mediators of synaptic transmission are
presented in some detail in preparation for a discussion of the body’s pain-
modulating systems. The role of modulation of pain signals at the dorsal horn
through ascending and descending neural pathways is presented with reference
to the role of contemporary therapeutic modalities.

Key Concepts and Review

1. Describe the multidimensional nature of pain.

Pain can be conceptualized as having two dimensions: intensity and
affective-motivational. The intensity component is pain sensation. Where
does it hurt and how badly? The affective-motivational component relates
to how a person responds to pain. For example, is the person angry or
withdrawn? Providing care involves more than asking about the intensity of
the pain. The athletic trainer must respect each person’s response to pain.

2. Explain the role of pain in preserving health and well-being.

Pain signals that something is wrong with the body and is usually the
motivation to seek medical care. Without pain, diseases and injuries (could)
go undetected and therefore untreated.

3. Discuss how the pain response can assist in evaluating an injured athlete.

Understanding the pain response after injury can help you make an
accurate diagnosis. The causes, timing, locations, and severity of pain often
narrow the possibilities and allow the sports medicine team to focus on
special tests and examination procedures that lead to a rapid and accurate
diagnosis.

4. Describe how pain is sensed and how the “pain message” is transmitted to
the central nervous system.

Free nerve endings are the body’s pain receptors or nociceptors. When
free nerve endings are stimulated, impulses are transmitted to the brain by
specific nerves and neural pathways. Impulses are transmitted from the free



nerve endings to the spinal cord by A-delta and C fiber primary or first-
order afferent nerves. A-delta fibers more rapidly conduct pain, but C fibers
cause a diffuse, noxious ache. The pain message is carried from the primary
afferents up the spinal cord by second-order afferent nerves. The pain
message can be carried on wide dynamic range, second-order nerves or on
nociceptive-specific nerves. The nociceptive-specific nerves carry only pain
information, whereas the wide dynamic range fibers carry all types of
neural input. The second-order afferent fibers terminate at multiple brain
centers. The thalamus, PAG region, and reticular formation all play
important roles in accurate assessment of the pain message and in
mediating the individual’s response to pain.

. Describe the differences between acute and lasting pain.

Acute pain, a warning that something is wrong and requires medical

attention, is associated with musculoskeletal injury. Pain that persists
beyond the normal time required for tissue repair is less well understood.
Often, when an individual’s pain lasts for weeks or months, it is labeled
chronic pain. Because the term chronic implies a sense of hopelessness, the
term persistent pain was introduced to identify situations in which lasting
pain is a signal that something is wrong and will respond to appropriate
treatment. Chronic pain is complex and very poorly understood; however,
the causes of the persistent pain can often be identified and effectively
treated.
. Identify common causes for persistent pain in active people, including
diagnostic errors and somatic dysfunction, faulty plans of rehabilitation,
rest-reinjury cycle, complex regional pain syndrome, myofascial pain, and
depression and somatization.

Persistent pain can result from a number of causes. This chapter begins
with physical causes and progresses to psychological causes of persistent
pain. Physical causes include diagnostic errors and faulty plans of care.
Failure to identify the problem or to effectively address identified problems
can lead to persistent symptoms. Physically active people often associate
the absence of pain with complete recovery, which can lead them to
overstress healing tissues and experience reinjury. This phenomenon can
repeat, setting up a rest—reinjury cycle. Complex regional pain syndrome,
also labeled reflex sympathetic dystrophy, is characterized by pain out of
proportion to the extent of an injury as well as hypersensitivity to touch and
movement, joint stiffness and muscle guarding, edema, erythema,
hyperhidrosis, and osteopenia. Complex regional pain syndrome is
progressive, and the prognosis for complete recovery worsens if diagnosis



and treatment are delayed. Myofascial pain, which may result from many
causes, is a diagnosis of exclusion characterized by tender trigger points,
increased tension in muscles, and often a pattern of referred pain. Physical
symptoms can result from psychological dysfunction. The somatic pain
experienced by those suffering from depression and somatization is a signal
that care is needed. Unfortunately, somatic symptoms stemming from
psychological dysfunction are more difficult to interpret. If other sources of
persistent pain are ruled out, the sports medicine team should consider
psychological causes before making the diagnosis of chronic pain.

. Discuss the meaning and implications of neuroplasticity on pain and pain
modulation.

Plasticity implies a system that is changeable. The ability of the body to
modulate and dampen neural impulses signaling pain can change,
sometimes permanently. Thus, patients may be more sensitive to stimuli
because pain signals are not being modulated in the dorsal horn and thus
reach higher brain centers, including the sensory cortex. True chronic pain
is associated with more permanent changes that inhibit signal modulation
and facilitate pain signaling to higher centers.

. Describe alterations in the nociceptive system that may increase pain
perception.

The nociceptive system may undergo changes at the periphery, at the
dorsal horn, or in the influence of descending impulses on dorsal horn
activity. The major changes in the periphery include an up-regulation of
silent nociceptors, change in the phenotype of the neurons (e.g., A-beta
nerves take on nociceptive properties and function like A-delta neurons)
and an alteration of the local chemical environment described as
inflammatory soup. Dorsal horn changes include sprouting of A-beta
afferent nerves into areas of the dorsal horn generally reserved for pain
perception, an alteration in receptor sensitivity (e.g., NMDA and
glutamate), and an increase in nitrous oxide activity. Changes in the activity
along descending pathways affecting the dorsal horn may decrease pain
modulation or facilitate pain signaling. While these interactions are
complex, they probably explain why some conditions (e.g., depression) are
associated with an increase in pain sensitivity.

. Define the differences between chronic and persistent pain.

The principal difference between chronic and persistent pain is that
chronic pain will not respond to conventional treatments such as modality
application, and at present it can be reduced only with narcotic medications.
Chronic pain is the result of changes within the nervous system in the



periphery, spinal cord, higher brain centers, or more than one of these. The
changes have only recently been identified and have not been fully
understood. Hopefully, research will lead to a better understanding and
treatment of chronic pain.



Chapter 6
Clinical Management of Pain



Objectives

After reading this chapter, you will be able to

1. identify sources of persistent pain through a medical history and physical
examination;

2. develop appropriate rehabilitation plans of care or referral to appropriate
health care professionals for individuals with persistent pain due to
diagnostic errors, faulty plans of rehabilitation, faulty biomechanics, rest—
reinjury cycle, complex regional pain syndrome, myofascial pain, and
depression and somatization; and

3. understand contemporary pain  modulation theories from a
neurophysiological perspective.

The clinician must be prepared to evaluate a broad spectrum of concerns
from physically active people. Often a patient presents with a history of long-
standing or persistent pain with no single identifiable cause. Consider the
following cases and related questions.

A recreationally active financial advisor presents to a sports medicine clinic
with a history of many months of intermittent neck and shoulder pain with
frequent headaches. She states that driving and working at her desk often trigger
her symptoms. She further states that she developed pain after hiking with a
backpack for 3 days about 6 months before her appointment. She denies a
history of trauma, and a medical evaluation had revealed no structural problems.
She states that a course of anti-inflammatory medication did not alleviate her
symptoms. What other questions should be included in the medical history?
What factors are contributing to the problem? What would you expect to find on
physical examination? What are the short- and long-term treatment goals? Will
the use of therapeutic modalities help her achieve treatment goals?

A freshman college track athlete with a history of shin splints throughout
high school is evaluated in the athletic training clinic. She has very tight fascia in
her legs and multiple tender trigger points. She states that recent X-rays and a
bone scan revealed normal results. Why has her problem persisted for so long? Is
there an underlying cause? How should this athlete be treated?

A freshman high school baseball pitcher presents to a sports medicine clinic
complaining of 4 months of shoulder pain that has limited his ability to pitch. He



states that he took 3 weeks off from pitching but the shoulder did not heal. He
was concerned that he had a torn rotator cuff despite assurances to the contrary
by an orthopedic surgeon. Why does this athlete’s shoulder pain persist?

The complaints of these physically active people are not uncommon. The
questions raised in each case must be answered to develop an effective
rehabilitation plan. In some cases therapeutic modalities may help resolve the
problem, but in other cases they may be of little benefit. As stated in chapter 1,
the application of a therapeutic modality does not constitute a treatment but is
part of a comprehensive plan of care. Developing a plan of care requires that you
identify the underlying causes of symptoms. This chapter will help you to
evaluate and treat physically active people who have persistent pain and identify
situations in which therapeutic modalities may help achieve treatment goals.

As discussed in chapter 5, pain is a complex phenomenon that affects each
person differently. There are cultural and societal influences on pain, as well as
myths about how pain can be managed. Clinicians must understand that it is
often pain that drives patients to seek treatment, and the resolution of pain
should be a goal for each patient. We must always include a pain assessment in
the musculoskeletal evaluation and determine whether the pain is changing over
time. The fundamental premise of evidence-based practice is that objective
measures and outcomes are obtained to determine and guide the treatment
program.

This chapter presents an overview of pain assessment and discusses current
mechanisms of pain control from a neurophysiological perspective. Although
pain management is complex, the clinician should understand how pain is
mediated through physical agents. Many treatments can influence these
mechanisms of pain control and thus prepare the patient to perform therapeutic
exercise. The exercise is likely to address the root of the impairment, and
rehabilitation occurs. Mechanisms to address persistent pain are also discussed
in this chapter.



Pain and the Physical Exam

Although the physical examination process is discussed in great detail in
Examination of Musculoskeletal Injuries, Third Edition (Shultz, Houglum, and
Perrin 2010), the interpretation of pain warrants review in this chapter. When
evaluating an injured person, you should ask many questions to narrow the
diagnostic possibilities, since different structures can elicit a range of sensory
experiences. The interview should result in a working diagnosis that is then
confirmed or refuted by the physical exam and any subsequent medical imaging
or laboratory testing. Questions about when and how the injury occurred are
obvious. However, you may need to ask follow-up questions to fully interpret the
answers and develop a clinical diagnosis.

Certainly an acute injury with a well-described mechanism of injury will
point to a working diagnosis. Trauma leads to fractures, strains, and sprains. The
injured physically active person can often describe the instant and the
mechanism of these injuries. When the patient cannot identify the moment of
injury or a specific mechanism, the clinician needs to use deductive reasoning
and to be more discerning of the etiological factors leading to the pain.

For example, a distance runner complained of pain at the Achilles tendon but
was unable to identify a specific injury or onset of pain. Further questioning
revealed that this athlete’s pain had started after running on hills for several days
while on vacation. Injuries with an insidious onset and a poorly defined
mechanism broaden the diagnostic possibilities and should not be ignored. This
runner likely developed Achilles tendinopathy as the result of new loading of
this tissue due to a sudden transition from running on flat terrain to running on
hills. Repetitive microtrauma can injure tendons, cause stress fractures, and lead
to conditions such as plantar fasciosis, medial tibial stress syndrome,
patellofemoral pain, and, as in this case, Achilles tendinopathy . Thus, when you
understand the onset of symptoms, you can improve the focus of your injury
evaluation and physical exam and make better-informed recommendations for a
return to sport.

P-Q-R-S-T

One approach for asking questions about pain followsa P -Q-R-S - T
format. This is easy to remember because P, Q, R, S, and T are the waves of an



electrocardiogram.

e P is for provocation. Ask how the injury occurred and what activities
increase or decrease the pain.

e Q is for quality, or characteristics of pain. For example, does the person
experience aching shoulder pain, suggesting impingement syndrome;
burning pain, suggesting nerve irritation; or sharp pains, suggesting acute
injury?

e R is for referral or radiation. Referred pain occurs at a site that is distant
from damaged tissue and does not follow the course of a peripheral nerve.
Pain in the jaw and left shoulder is a common referral pattern during a heart
attack. Radiating or radicular pain follows the course of a peripheral nerve.
Pressure on a nerve due to a herniated intervertebral disc will result in
radiating pain.

e S is for severity. Judging the severity of pain is subjective, but sometimes
one knows that the problem is serious just from the severity of pain.

e T is for timing. When does pain occur? Night pain may indicate cancer or
another nonmusculoskeletal problem since provocative activity is
minimized during rest. Pain in the sole of the foot with the first steps in the
morning is consistent with plantar fasciitis.

Other aspects of the pain experience also will help in establishing the
diagnosis. The quality of pain can be difficult to assess, but with experience you
will appreciate the difference between the sharp, localized pain of a fracture and
the diffuse pain associated with myofascial pain syndrome. Pain that radiates
within a dermatome indicates pressure on a nerve and is often caused by injury
to an intervertebral disc or a vertebral fracture.

Referred pain occurs when there is pain in an area separate from the
pathology. Referred pain can be mysterious, but it has predictable patterns. Pain
in the left shoulder and jaw during a heart attack and left shoulder pain with a
spleen injury are two examples of referred pain. Table 6.1 identifies several
medical problems with well-established patterns of referred pain. Unlike the skin
and soft tissue, the viscera have very few sensory organs. When the sensory
information synapses at the spinal cord, an activation of interneurons at that
level takes place. The interneurons converge on the neurons that localize pain to
the dermatome or myotome at the same spinal cord level. The brain interprets
the pain as arising from the soft tissues rather than the involved organ. A
thorough evaluation of the injury should identify the area of pathology so that



the injury, not the pain site, is treated. Referred pain does not change with
provocative tests such as resisted movement or a change in position. The
severity of pain often indicates the severity of the problem. If you have a close
working relationship with athletes, it is easier to interpret their reactions to pain
and injury.



Table 6.1 Common Referred Pain Patterns

Myocardial infarction Neck, jaw, and left
shoulder

Spleen injury Left shoulder

Appendicitis Lower abdomen and
right groin

Pancreatic injury or Left shoulder, low back,

pancreatitis and middle left abdomen

Cholecystitis Right shoulder and

(gallbladder) midscapular region

Renal (kidney) disorder Low back and left
shoulder

Stomach and upper Left shoulder

small intestine

(duodenum) disorder

Finally, the timing of the pain can yield clues about the problem. The fact
that pain occurs with specific movements or at certain times of the day may be
significant. For example, a person suffering from iliotibial band syndrome
usually complains of pain while climbing stairs or running up and down hills.
Plantar fasciosis is almost always very painful upon arising in the morning and
with weight bearing on the injured foot. Questioning the individual about these
issues usually provides a working diagnosis, which allows you to focus and
organize the physical exam rather than randomly conduct a series of tests.
Furthermore, finding out what activities cause more pain helps you to determine
what activity modifications are needed. If stairs cause pain, then step-ups should
not be included in the rehabilitation plan until changes are made in strength,
flexibility, and biomechanics. If possible, the patient should avoid provocative
activities.



Pain Assessment

Pain is difficult to assess because it is a symptom rather than a sign.
Quantification of pain is very subjective since it is a sensory phenomenon with
an affective-motivational dimension (Melzack and Casey 1968).

Sensory Component of Pain

The sensory component is what the individual feels. To determine whether
your treatments are helping the injured athlete, you should try to quantify the
pain.

Pain measurement should be reliable and valid. To assess the intensity of
pain, you can use a simple pain scale, for instance by asking the person to rate
the pain from 0 = no pain to 10 = worst pain ever. This type of pain assessment,
the verbal pain rating, is quick and simple but becomes less effective when the
athlete is asked for a score several times throughout the evaluation and
treatment. For example, the athlete will remember reporting a 5 before the
treatment and will use that figure as a reference for reporting his or her score
after the treatment is over.

A visual analog scale (VAS) (figure 6.1) has no demarcations, so the patient
cannot use a previous score as a reference point. The VAS uses a 10 cm line with
the words “no pain” on one end and “unbearable pain” on the other end. The
upper end should imply postsurgical or excruciating pain. The clinician measures
in centimeters the horizontal distance from the left to the athlete’s mark of the
extent of his or her pain to produce a pain score. Some clinicians have used a
continuum of descriptors along the visual analog scale to help better describe the
degree of pain. These descriptors are “dull ache,” “slight pain,” “more than
slight pain,” “painful,” and “very painful” (Denegar and Perrin 1992). The VAS
is more accurate when pain is assessed multiple times.

¥ <<



Figure 6.1 Visual analog scale.

Mo pain Unbearable pain

Based on Denegar and Perrin 1992.

More complex assessments involve pain charts (figure 6.2) or a
comprehensive questionnaire such as the Pain Disability Index to assess the
impact of pain on function (Pollard 1984). An example of the Oswestry Low
Back Pain Scale is presented in figure 3.2. These assessments have been
validated and can help you categorize how pain is contributing to the athlete’s
disability. The simpler scales can be used to quickly assess recovery from injury.
These patient-reported outcome (PRO) instruments are very important for
documenting changes over time and helping quantify pain and functional
restrictions. These scales yield valuable insight about persistent and chronic pain
and are a key component to evidence-based practice. They are used in studying
the effects of therapeutic interventions and in documenting whether the
treatment plan is effective. PROs often include a global rating of change where
patients are asked to quantify, in a percentage, the change in their function.
When a patient uses a percentage of function, it tells the clinician how well that
patient is doing based on how the patient feels he or she should be doing.
Reporting a function as 65% versus 90% gives the clinician a good idea of how
the patient is performing compared to his or her goals.



Figure 6.2 Pain chart. The injured person uses the figures to show exactly where
the pain is and where it radiates. As precisely and with as much detail as
possible, the person uses a blue marker to indicate painful areas, a yellow marker
for numbness and tingling, a red marker for burning or hot areas, and a green
marker for cramping.
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Reprinted, by permission, from S. Shultz, P. Houglum, and D. Perrin, 2010, Examination of
musculoskeletal injuries, 3rd ed. (Champaign, IL: Human Kinetics), 5.

Sensory and Affective-Motivational Components of Pain

The affective-motivational component of pain relates to the impact of pain
on the person. For example, after injury, pain signifies that something is wrong.
However, until the person understands the severity of an injury and the impact it
will have on her ability to compete, pain may cause considerable anxiety.
Persistent pain can lead to withdrawal and depression, responses that compose
the affective-motivational aspect of pain.

The response to pain is highly individual and can be influenced by several
factors, such as previous pain experiences, family and cultural background, and
the specific situation. The clinician must learn to accept individual differences in
pain response and help the injured person cope with pain.

When pain persists or becomes chronic, the affective-motivational
component of pain becomes even more significant in evaluation and treatment.
Lasting pain affects virtually every aspect of day-to-day life, including sleep
patterns, the ability to concentrate and study, and social and personal
relationships. Persistent pain is discussed in detail at the end of this chapter.



Pain Control Theories

Understanding how pain is perceived is a prerequisite to studying the body’s
analgesic mechanisms. The pain-relieving effects of touch, acupuncture, and
other treatments have been recorded since ancient times. How these treatments
alter pain was unknown because of inadequate information about the human
nervous system. As recently as the 1960s, pain and pain control theory revolved
around the pattern and specificity theories dating to the early 1900s.

The pattern theory denied the existence of pain receptors and suggested that
pain occurred when the rate and pattern of sensory input exceeded a threshold.
Different sensations were thought to be represented by the pattern of action
potentials within the nerve, much like Morse code. The specificity theory
suggested that pain was perceived when pain receptors in the periphery were
stimulated and that these pain receptors were connected directly to sensory areas
in the brain. All sensory input was thought to be directly communicated by a
specific receptor to a specific nerve and to a localized area of the brain. Neither
theory plausibly explained the pain-relieving effects of treatments long
recognized as effective.

In 1965, Melzack and Wall challenged existing theories and proposed a "gate
control" theory of pain relief. This theory rationally explained why therapeutic
modalities controlled pain, and it led to the development of new treatment
approaches, including TENS. Since 1965, more has been learned about the
anatomy and physiology of the nervous system than was known before that time,
and the theoretical base has expanded. Positron emission tomography (PET
scanning) and functional magnetic resonance imaging (fMRI) are used to
visualize working areas of the brain, and our understanding of neurochemical
function is constantly expanding. The theories presented here reflect these
advances. However, as our knowledge base continues to grow, the validity of
these theories will be challenged, and the scientific basis for clinical application
of modalities will continue to evolve.

The scientific basis of clinical practice and the treatment of the
musculoskeletal system have advanced considerably in the past few decades;
however, they remain incomplete. The rationale behind the use of therapeutic
modalities was often based mainly on observations handed down from clinicians
to students. With advances in science and clinical research, some of the
assumptions about therapeutic modalities have been discovered to be unfounded.
The scientific and theoretical basis of clinical care continues to evolve.



One noteworthy step in this evolution is the presentation of the neuromatrix
theory of pain, also presented by Dr. Melzack (Melzack, 2001). This theory
further explores pain as a multidimensional experience produced by
“neurosignature” patterns of nerve impulses that are widely distributed in a
diffuse network in the brain. Visual, cognitive, and emotional influences
contribute to the neurosignature; thus pain can be generated by sensory input or
it can be generated independently by the activity within the brain. The
neuromatrix theory emphasizes the brain’s control over the cognitive-evaluative,
motivational-affective, and sensory-discriminatory systems.

Modulating the Pain Signal

In much the same way pain transmission is organized, pain modulation
models reflect the point of intervention. Signals can be slowed or stopped at the
periphery, or they can be modulated through activity at the spinal level, at the
supraspinal level, and through the pathways that descend from higher centers to
the spinal level. Finally, action potential failure is discussed as a mechanism to
evoke local and temporary pain management using electrical stimulation.

It is important to understand where pain modulation takes place and how
therapeutic modalities and medications act on the transmission of pain. The pain
modulation techniques used in therapeutic modalities are named for the type of
stimulation used to evoke the analgesia. For example, in the gate theory,
“sensory” stimulation presynaptically inhibits the pain transmission to the
second-order afferent nerves in the lateral spinothalamic tract. In the terminology
of contemporary physical medicine, subsensory, sensory, motor, noxious, and
action potential failure are mechanisms for modulating pain with electrical
stimulation. Pain modulation with electrical stimulation, or electroanalgesia, is
discussed in detail in chapters 7 and 8.

Modulation of Peripheral Pain

Pain modulation techniques can target the desensitization of peripheral
nociceptors. If the receptor has a higher threshold, or is more difficult to
stimulate, then fewer pain impulses are propagated to the spinal cord. The
clinician tries to counteract the effects of acute inflammation and mechanical
stimuli that sensitize free nerve endings and peripheral nociceptors. Bradykinin,
prostaglandin E2, and serotonin in the periphery facilitate nociceptor sensitivity.
These chemical mediators are released at the site of inflammation and alter the



voltage threshold of ion channels to encourage action potentials (Cesare and
McNaughton 1997).

How can peripheral nociceptors be desensitized? We know that cryotherapy,
for example, lessens the effects of the chemical mediators and slows the
conduction velocity of all sensory input. Applying ice to a painful area
eventually leads to superficial anesthesia or numbness, thus minimizing the pain
transmission to the spinal level.

Research on the inflammatory process and the peripheral level of pain
modulation demonstrates that there is a complex matrix of chemotactic agents,
immune cells, and endogenous opioids at the receptor sites. In attempts to
discover new medications that act at the pain site rather than at the central
nervous system, researchers are gathering new information about these
mechanisms and the balance of pain and pain control. Although it has been
documented that naturally occurring opioids such as beta endorphin modulate
pain in the central nervous system, research has shown that intrinsic modulation
of nociception can occur at the peripheral terminals of afferent nerves.

One role of the immune system is to interact with peripheral sensory nerve
endings to inhibit pain (Stein 1995). Peripheral opioid receptors were identified
when exogenously applied opioids were applied to mediate analgesia locally.
The analgesic effect was most pronounced during painful inflammatory
conditions when the resident immune cells in inflamed peripheral tissue secreted
endogenous ligands or opioid peptides (Machelska et al. 1998). When the
immune system was suppressed, the peripheral effect of beta endorphin was
abolished. Environmental stimuli and endogenous substances, such as
corticotropin-releasing hormone and cytokines, can stimulate the release of these
opioid peptides. Means of eliciting pain relief with this method are still being
explored, but it is also important to recognize that challenges to the immune
system can make people more sensitive to pain. Consider the last time you had a
cold or influenza. Aching and pain with routine activity are likely due in part to
compromised peripheral pain signal modulation.

Subsensory-level electrical stimulation such as with microcurrent application
has been proposed to affect pain modulation at the peripheral level. Microcurrent
stimulation empirically reduces pain, but the explanation for the pain reduction
is perplexing. Microcurrent application has been shown to improve healing in
pressure sores (Carley and Wainapel 1985), perhaps due to an increased
chemotactic effect of immune cells. This subsensory application of electrical
stimulation may also be affecting the peripheral mediators of pain. Likewise,
nonthermal ultrasound empirically reduces pain when applied over inflammatory
conditions. Laser and other light therapies also have analgesic properties. The



energy absorbed in the cells may lessen the sensitivity of the pain receptors. We
need further study of the effects of electrical stimulation, nonthermal ultrasound,
and laser on peripheral sensitivity and pain perception.

Spinal Level Pain Modulation and the Gate Control Theory

Melzack and Wall proposed the gate control theory in 1965. This point is
reiterated because their proposal gave credence to some of the methods used in
physical medicine and redirected the research on pain modulation to facilitating
the endogenous inhibitory control of pain. According to this theory, a neural
mechanism in the dorsal horn of the spinal cord acts as a gate; this gate increases
or decreases the flow of nerve impulses from the peripheral fibers to the central
nervous system. The extent to which the gate enhances or reduces sensory
transmission is determined by the relative activity of the large-diameter (A-beta)
and small-diameter (A-delta and C) fibers. When the amount of information
passing through the gate exceeds a critical level, it activates the neural areas
responsible for pain sensation. Melzack and Wall proposed that the substantia
gelatinosa (now referred to as lamina III of the dorsal horn) was responsible for
closing the gate. Advances in neuroscience have improved our understanding of
the structures and mechanisms involved in modulating the pain signal.

Melzack and Wall’s model of presynaptic control has been revised over time.
In fact, they published an updated model in which the substantia gelatinosa
contains both excitatory and inhibitory cells that project to second-order afferent
nerves (aka transmission cells). Melzack and Wall also recognized that not all
pain modulation originates from the peripheral and spinal cord levels. They
proposed central control mechanisms in the brain that modulate pain, via
descending signals to the dorsal horn, and affect the gating mechanism by
inhibiting or facilitating the perception of pain. Figure 6.3 depicts the original
gate control model. With the identification of endogenous opioids (beta-
endorphin, enkephalins, dynorphin), more contemporary models (figure 6.4)
have been developed to better define the mechanisms that inhibit the
transmission of pain.



Figure 6.3 The gate control theory. Input along large-diameter (A-beta) primary
afferents activates the presynaptic inhibitory influence of substantia gelatinosa
on transmission from primary to afferent nerves to a transmission cell (second-

order afferent).
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Figure 6.4 (a) Ascending influence (level I) model of pain control. (b) A-beta
afferent nerves synapse with interneurons, which release enkephalins.
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In these models the substantia gelatinosa (lamina III) acts as a presynaptic
inhibitor. Activity in A-beta afferent nerves stimulates enkephalin interneurons.
The release of enkephalin at the terminus of the interneurons in lamina II blocks
transmitter substances intended to depolarize second-order afferent nerves that
transmit pain signals to brain centers. The presynaptic influence of enkephalin
"closes the gate" and prevents pain signals on the primary afferent nerves from
depolarizing the second-order nerve. In other words, the pain signal is stopped,
and thus pain is not perceived. As complex as these concepts of
neuromodulation are, they are often applied in our daily lives. What is one of the
first things you do after you bump your head or get kicked in the shin? You
probably rub it, and it feels better. Rubbing your skin activates non-nociceptive
touch signals carried into the spinal cord by large nerve fibers (A-beta). The
inhibitory interneurons are activated by the A-beta afferent activity, and
enkephalin is released, blocking or limiting the transmission of pain signals.
These models also explain why ‘“counterstimulation” techniques such as



menthol rubs are effective at relieving pain. Electrical stimulators can be applied
to activate A-beta afferent nerves. The electrical stimulator (TENS) stimulates
the large (A-beta) afferent fibers in a painful region and activates the inhibitory
enkephalin interneurons of the dorsal horn and blocks pain transmission.
Detailed information on the use of TENS is presented in chapters 8 and 9.
Virtually any mechanism that stimulates the large-diameter sensory fibers can
trigger the gate mechanism. For example, light touch (massage), vibration,
electrical stimulation, and mild heat are often used in this manner.

Modulation of Supraspinal and Descending Pain

Pain information travels up the spinal cord (ascending) to alert the athlete to
a problem and to allow cognitive recognition of the location and nature of the
injury. However, pain modulation is complicated and involves both ascending
and descending neural components. Anything that occurs above the level of the
spinal cord is termed supraspinal, and any neurological pathway that travels
from the brain to the spinal cord or brainstem is termed descending. These
pathways do not function sequentially or in isolation.

Noxious Pain Modulation

Pain transmission and modulation occur through a complicated network of
interneurons that activates many brain or supraspinal structures. Mechanisms are
elicited to help inhibit fear and to contextualize the situation to permit function.
These mechanisms strike an intricate balance between alerting the person to a
problem and calming the person so that attention can be directed to solving the
problem. As discussed previously, the descending mechanisms of pain
modulation cause inhibitory signals to decrease the continued propagation of the
pain message back at the spinal cord level. Descending pain modulation uses
feedback loops that involve several different nuclei in the brainstem reticular
formation; specifically, the periaqueductal gray (PAG) and the raphe nucleus are
important in controlling pain.

The PAG contains enkephalin-rich neurons that excite the raphe nucleus,
which in turn projects down to the spinal cord to block pain transmission by
dorsal horn cells. The descending modulation can be either direct, using an
enkephalin interneuron, or by presynaptic inhibition. Presynaptic inhibition is
caused by neurotransmitter release that blocks postsynaptic terminals. Direct
stimulation of the PAG during brain surgery has a remarkable effect on pain



control.

A second descending system of serotonin-containing neurons exists. The cell
bodies of these neurons are located in the raphe nucleus of the medulla and, as
with the noradrenaline-containing neurons, the axons synapse on cells in lamina
IT and III of the dorsal horn. Stimulation of the raphe nucleus produces a
powerful analgesia, and it is thought that the serotonin released by this
stimulation activates inhibitory interneurons and thus blocks pain transmission.
Serotonin neurons appear to inhibit somatosensory transmission and may have a
function in the initiation of sleep. A complicating factor is that serotonin
receptors are found in many places in the dorsal horn, including on primary
afferents from C fibers. Serotonin may inhibit pain presynaptically by blocking
the C fiber terminals for substance P and glutamate. Projections believed to
mediate pain signals through the release of norepinephrine in the dorsal horn
further contribute to the influence of suprasinal structures and neural networks.

The hypothalamus and pituitary gland are stimulated by pain impulses.
These centers base their function on a biofeedback loop to determine the need
for neurochemical or neuroendocrine intervention. The pituitary can release
precursors to powerful analgesic and anti-inflammatory agents. It is now
recognized that not all supraspinal activity suppresses pain transmission and
perception. Some circuits facilitate pain signal transmission (Millan 2002),
which helps explain why levels of attention, arousal, fatigue, and other factors
affect the perception of and response to pain.

The descending pain modulation mechanisms are evoked by
pharmacological agents and by various forms of stimulation. Patients with
complex pain problems may be prescribed antidepressive agents that affect the
serotonin uptake in the central nervous system. Understanding the relationship
between serotonin and the descending pathways is important because patients
may be confused by information they may read on the Internet about their
medications. An informed clinician can explain why the drug was prescribed and
how it can help. Helping the patient to understand this is part of a neurocognitive
approach to treatment in which explaining the interactions can further elicit the
positive effects of descending control.

As far as stimulation techniques are concerned, any treatment that can elicit
the activity of C fiber pain can be used. For example, myofascial techniques,
some manual therapies, ice, and electrical currents can stimulate these
descending mechanisms. This type of pain modulation is termed diffuse noxious
inhibitory control (DNIC), and it requires pain fibers to be stimulated to elicit
pain relief. The following sections describe the schematic representation of the
pain modulation theories, while chapter 8 describes the specific parameters



necessary to elicit these responses.

It has been shown that electrical stimulation of the PAG matter of the rat
brain and human brain results in profound analgesia (figure 6.5). The raphe
nucleus, which is located in the pons and rostral medulla, receives projections
from the PAG. A high density of projections from the raphe nucleus to the
substantia gelatinosa has been observed. These projections descend through the
dorsolateral funiculus of the spinal cord. The analgesia evoked by the
stimulation of PAG is dependent on this raphe-spinal pathway.



Figure 6.5 Noxious pain control is elicited by very painful stimulation of C
fibers, usually using electrical stimulation. This causes an increase in the activity
of the PAG and raphe nucleus, producing inhibitory action on the transmission of

pain at the spinal level. This type of pain modulation has been examined since
the 1970s, when a researcher noted that stimulation of the PAG produced
analgesia in unanesthetized rats (Mayer and Liebeskind 1974).
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The raphe nucleus tends to preferentially inhibit A-delta (over A-beta) fibers
and contains serotonin-carrying neurons. Serotonergic neurons are heavily
concentrated in lamina I of the dorsal horn of the spinal cord and are presumed
to have a direct monosynaptic inhibitory effect on the second-order neuron, also
known as the T cell.

A second system that originates in the pons also produces dorsal horn
inhibition and analgesia. The descending inhibitory system may terminate
directly on second-order neurons (T cells) or indirectly by means of an
enkephalinergic interneuron.

This conceptual model is “turned on” by elicitation of pain (C fibers) in the
affected region. The clinician can use certain types of electrical stimulation to



excite C fibers, but a long phase duration is required (see chapter 8 for more
information on electrical stimulation). Cryotherapy can also cause C fiber
stimulation. When an ice pack is applied, the injured person will experience
sensations of cold, burning, aching, and then numbness. The burning and aching
sensations are caused by C fibers and may evoke descending pain modulation.
This may explain the powerful analgesic property of ice treatment.

Rhythmical Pain Modulation

Rhythmical stimulation of a type that occurs with joint mobilization,
acupuncture, and even gum chewing has been found to have powerful analgesic
properties through descending pathways. This theory of pain modulation posits
that a strong, rhythmical stimulation induces the production of endorphins and
produces effects similar to the experience of “runner’s high,” where the cyclical
footstrikes produce the rhythmical pattern. Endorphins are part of a complex
neurophysiological system that decreases pain. They are opioids that are
naturally produced (endogenous) in various locations in the body, including the
central nervous system. The goal of rhythmical pain modulation is to enhance
the production of endorphins.

A precursor to endorphins, a large molecular complex known as beta
lipotropin, is primarily produced in the anterior pituitary (figure 6.6). The beta
lipotropin molecule is broken down to produce beta endorphin and certain types
of enkephalins that have strong analgesic qualities. The rhythmical stimulation
also causes adrenocorticotropic hormone (ACTH) to be produced in the pituitary
gland and affects cortisol production from the adrenal glands, which lie superior
to the kidneys. Variations in cortisol production are normal, and subtle changes
in ACTH levels are difficult to measure.



Figure 6.6 Rhythmical pain control. Neuroanatomic structures are stimulated by
pulsed motor stimulation to elicit A-delta fiber excitation. Rhythmical pain
modulation requires strong but tolerable muscle contractions at 2 to 7 pulses per
second and often elicits a motor contraction.
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The endogenous opioid production is believed to be enhanced by low-
frequency, high-intensity stimulation of peripheral nerve fibers. The frequency of
stimulation must be in the 2 to 7 cycle per second range at intensities sufficient
to evoke muscular contraction. Furthermore, endorphins have also been shown
to exert a powerful influence on the raphe nucleus and PAG that activate the
descending control system. Therefore, rhythmical pain modulation with A-delta
fibers is linked with the noxious pain modulation (descending tract) as well.

Low-frequency stimulation of trigger and acupuncture points is very
valuable in the treatment of chronic and acute pain and injury. Increased
corticosteroid levels from the enhanced ACTH production provide analgesic
effects as well. Enhancement of pituitary production of hormonal and analgesic
factors may also account for the high success rate of low-frequency TENS.

Nerve Block Pain Modulation

The final technique that therapeutic modalities use to decrease pain is nerve



block pain modulation or creation of an action potential failure. The application
of electrical stimulation creates an “all-or-nothing” response in the nervous
tissue to which it is applied. If the electrical stimulation exceeds the threshold of
the resting membrane, if it is applied long enough to overcome the capacitance
of the tissue, and if it is applied rapidly enough to prevent accommodation to the
stimulation, an action potential will occur. This is the law of Dubois Reymond,
discussed further in chapter 7. Once depolarization occurs, the nerve must
“reset” itself with the sodium-potassium pump. This causes a refractory period
during which the threshold is increased. If continual impulses are applied to the
nerve at a fast pace (over 1,000 pulses per second), the membrane cannot
continually fire because of the refractory period. Subsequent stimulation actually
hyperpolarizes the membrane further, creating an inhibitory effect. The
membrane is unable to keep up, and an action potential failure occurs. This is
termed Wedenski’s inhibition and is seen with the application of medium-
frequency currents such as Russian stimulation or interferential stimulation. The
area between the electrodes becomes temporarily anesthetic. This mechanism of
pain control may be useful for superficial areas for a brief time period, but the
analgesia lasts only as long as the stimulation.



Treating Persistent Pain

Pain that lasts beyond its usefulness for identifying the location and
protecting the body part is often termed persistent pain. The signs and symptoms
associated with injuries, selection of modalities, and decisions about progression
of the plan of care were closely linked to the inflammatory response to tissue
injury. When symptoms persist, occur in the absence of a history of trauma, or
are unrelated to our current understanding of inflammation (e.g., tendinosis),
decisions related to modality application must be made on criteria other than the
stage of inflammation and tissue repair. Figure 6.7 provides an overview of the
diagnostic possibilities and the decisions that the clinician must make in the
management of patients presenting with complaints of lasting pain and pain of
insidious onset.



Figure 6.7 Evaluating patients with nonacute pain and selecting those
appropriate for treatment with a therapeutic modality.

Patient presaning with pain

1. ol insidicus onset,

2. that is parsistent or chronic, or
a3, that s meowment.

T
Diagnostic probabilitios

= Bone (stress fractuna); pobential contributors afe rinkng emor and omechanics
= Muscle and bendon (tendincpativy); potential contribulors are training armor and bicmechanics
* Joint; potential contributars ans training amor and biomechanics

= Dstooarthnits

- Syslomic discase (e.q., ioumaiekd arifiis)

= Inlection

= Somafichicmachanics dysfunclion
= Madical conditicns

~ Cancer

~ Aaumatic deeases

= Multipla other sources (... Lyme dsaasa)
= Neurclogical; potential contrbutors ane history of muma, recent suegany

~ Mewral symploms relabed 1o dsc pathalogy, stenosis, obs,

- Complex reglonal pain syndrome
* Vpsculas
= lschamic conditions (0.g., thomic outhel syrdroma)
= Thrombus
= Myalascial pain syndrome; potental contribulon ae histary of trauma, siress, postune
* Peychological conditions
= Doprossion
- Soamatization
~ Fear avoidanos
¥
r @ - Raler to medical team - -@-
T T
Procoed per slanding ondars Faturn 1o athlet: trainer
or physician dinective or thanapist
| ldantify causa(s) of symploms
(tmining armors, biomachanics, |
posture, elo)

T
Tesatment priorities will depand on dagnosis and causative facions

=
e el e » Modalsios (madality application may be warrantod in some cases but

i
cokd, superficial heat, TEHS cartainly nat all)

A = Approprisie rest
For calcilic ndinopatky: g » Thampeutic axnmcise
ISR « Biomochanical carmction {e.g., orthatics)
For carpal tunnol syndroma; * Gounsaling
|sar Remambear: Treatmen! musl be goal direcled and based on dagnosis,

liknby cousative faclors, and treatmaent goals,

* My D SEESoniint in chios Whind Sympoms aco viry Bely 10 nsull Inom IFRining SITors of BRomacParicl Inchoes. Mol
evakuabion is noeded # symploms do nof resoive ina timely manner.

Through experience and application of the available research, the clinician’s
evaluation and treatment of people with persistent pain evolve. In a high school
or college athletic training room, most patients treated seek care for acute, sport-
related, musculoskeletal injuries. Clinicians caring for those at risk for
musculoskeletal injury will certainly be called on to evaluate some athletes with
overuse injuries and persistent symptoms caused by poor mechanics. On
occasion, those seeking care will have other causes for their symptoms, and
some may be suffering from truly chronic pain. An outpatient sports medicine



center is very different. Many patients referred to a sports medicine center for
treatment of a musculoskeletal problem, whether they are physically active or
not, have experienced pain for weeks, months, and occasionally years. Central
sensitization of pain (Latremoliere and Woolf 2009) is a poorly understood
phenomenon that explains why some patients continue to experience pain. Often
the neurons in the dorsal horn have lower thresholds than neurons in the
periphery, making it easier to perceive pain in the areas associated with that
spinal level. The pain is real, and a comprehensive approach should be used to
address persistent pain.

Preparation to care for patients with persistent pain does not require lots of
new skills but rather new applications for existing skills. Patients with persistent
pain can make up a large part of the caseload in some outpatient settings.
Because persistent and chronic pain can be related to multiple factors, effective
management requires a complete health history. During the physical examination
the clinician must not forget that the sources of dysfunction may be distant from
the area of pain. Decisions about the plan of care—including whether modalities
are indicated and which ones—cannot be made without a working hypothesis
related to causes, rather than a diagnostic label, for the persistent symptoms.

The rehabilitation plan of care is developed from the medical history and
physical examination. Within the plan of care, treatment goals are arranged on a
hierarchy from entry into the health care system to full recovery. Therapeutic
modalities may facilitate the achievement of one or more treatment goals in the
plan of care.

These statements are true whether you are treating an acute injury or
persistent pain; however, in the case of persistent pain the medical history and
physical examination are more detailed, and the data gathered are analyzed more
extensively. All of this information is then combined to develop a progressive
plan of care. Unfortunately, when these steps are not fully completed, multiple
modalities are often administered in the hope that “something works.” On rare
occasions the problem resolves despite the lack of a sound plan of care; usually,
however, such treatment fails.

Medical History

Perhaps the single biggest problem in the clinical management of persistent
pain is the failure to obtain, evaluate, and act upon a thorough medical history.
Taking a medical history, which is reviewed thoroughly in Examination of
Musculoskeletal Injuries, Third Edition (Shultz, Houglum, and Perrin 2010),
appears to be simple. However, a great deal of practice and attention to detail are



needed to maximize the information gleaned from a medical history taken from
patients with persistent pain. In college and high school environments, certified
athletic trainers know the athletes from day-to-day contact and gain important
information from the preparticipation examination. Furthermore, most of the
athletes seeking treatment are suffering from acute musculoskeletal injuries, for
which the time and often the mechanism of injury are easily identified.
Individuals with persistent pain may report an insidious onset of symptoms
without an identifiable cause.

Contrast, for example, the medical histories required from two individuals.
One is a 17-year-old basketball player for a team you have covered all season
who sprained her ankle when she stepped on another player’s foot during a
practice that you attended. The other is a 38-year-old tennis player, computer
programmer, and mother of two small children who has a 6-month history of
right shoulder and neck pain of insidious onset. In the first case you know the
athlete, her recent injury history, and the nature of her off-court activities, and
you probably have established a rapport with her. In the second case you are
establishing a plan of care for a person you have never met who may be entering
a new health care environment. During the 15 minutes or so allotted for the
initial examination, you must collect a lot of information. You need to know
when and how the problem started, what seems to make it better and worse, and
the impact of work and child care on her symptoms. You must learn what other
medical evaluation has been made and what treatment has been administered
(and if it helped). While the symptoms are likely of musculoskeletal origin,
consideration must also be given to the presence of serious medical conditions
and the need for appropriate referral. You must learn about the tennis player’s
general health and medical history. You must also learn what her goals are in
terms of outcome priorities. In short, you need to quickly establish
communication with this person so that you can obtain all of the information you
need. Furthermore, you must respond to the patient’s concerns and questions. As
this example illustrates, obtaining a medical history from someone with
persistent pain, compared to an athlete you know who has an acute injury, is
much more involved, but far more critical to developing an effective plan of
care.

At the completion of the medical history, you should have one or more
working diagnoses. Developing a working diagnosis requires you to analyze
information provided during the history as the interview proceeds. Thus, you
must organize the interview, develop the questions, and analyze the responses
while listening carefully to what is being said. Completing a thorough,
informative medical history requires good clinical skills and lots of practice. A



sample format for evaluating musculoskeletal injuries is included here (figure
6.8). Individual items may not be appropriate for all cases (e.g., documentation
of gait after a shoulder injury).



Evaluation Document

Name: Ageidate of birth;

Sportiposition: Date:

Physician 1D or medical record #;

Diagnosis;

Diagnostic tests/medications/sungical procadure:

Pertinent medical history:

SUBJECTIVE REPORT

Ask about onsel, recen! impmovemeant, or worsaning of symptoms; patterns of symptoms; rating of pain
and dysfunction; description of pain; report of radicular or distant pain sites; and previous experience with
treatmeants for musculoskeletal injuries (what seemed to work or not work).

OBJECTIVE FINDINGS

Observation: Genaral appearance; obvious guarding of movemean! or alteration from normal movament
pattern (e.g., limping); presence of swelling; discoloration; and appearance of incisions, wounds, and
SCars.

Range of moltion: Active and passive range of motion,

Circulation, motor function, and sensory function in aflacted limb or area.

Strength: Resulls of manual muscle and instrumented resistance tests,

Girth: Swelling at joint or loss of muscls mass.

Gait: Limping, appropriate use of crulches or cana, and evidence of excessive or limited pronation.
Postura: Postura, postural awaranass, and postural contnal.

Results of special lests:

Problem list: Develop a hierarchy of problems that must be overcome o progress the rehabilitation pro-
gram and return the person o athletics.

Short-term goals and treatment plan: Develop a short Bst of goals to ba achieved in the naxt few days to 2
weeaks and the treatments io be used to achieve these goals.

Long-tarm goals with criteria for progression.

Figum 6.8 A sample formal lor evaluating musculoskeletal injuries,

Physical Examination

The physical examination should yield information that confirms or refutes
the working diagnoses established from the medical history. Conducting a
physical exam without a working diagnosis is a time-consuming and usually
fruitless endeavor.

The structure of the physical examination will vary based on the medical
history and plausible diagnoses. Observation, range of motion assessment,
strength assessment, and neurovascular assessment are fairly universal
components. However, the order in which tests are performed and the specific



tests conducted will differ depending on the nature of the problem. In a well-
conducted physical examination you will complete necessary testing in an
organized manner while avoiding the tendency to “test for everything” and
unnecessarily increase suffering.

Some clinicians complete a physical examination in a cookbook fashion.
Rather than focusing on confirming or refuting the preliminary diagnosis, they
collect a quantity of data. Unfortunately, the data are not very useful because
they were not collected in the context of testing the working diagnosis.

A second common flaw in a physical examination for persistent pain is the
failure to examine joint, nerve, vascular, and muscle function throughout the
painful region. The screening exams described in Examination of
Musculoskeletal Injuries, Third Edition (Shultz, Houglum, and Perrin 2010),
often yield key findings that confirm the cause and therefore identify the solution
to the persistent pain. You must consider and assess for the presence of radicular
and referred pain patterns as well as biomechanical causes of persistent pain.

Once you have made a diagnosis and identified the causes of the persistent
pain, a plan of treatment can be established. In some cases, therapeutic
modalities can be used to achieve goals identified in the plan of care. In other
cases, the application of therapeutic modalities may be detrimental because they
promote a passive, rather than active, role of the individual in the plan of care.

In chapter 5 the causes of persistent pain were categorized (figure 6.9). The
remainder of this chapter reviews treatment strategies, including effective use of
therapeutic modalities, in the clinical management of these persistent pain
problems.



Figure 6.9 Sources of persistent pain.
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Reprinted, by permission, from C.R. Denegar and A. Peppard, 1997, “Evaluation and treatment of
persistent pain and myofascial pain syndrome,” Athletic Therapy Today 2(4): 40.



Diagnosis and Plan of Care Problems

When pain persists, the first step in reevaluation is to confirm the medical
diagnosis and review the plan of care. A sports medicine team approach to
reevaluation is necessary to review the original diagnosis, the response to
medications and surgery, and the response to and compliance with the
rehabilitation program.

In the context of therapeutic modalities, a failure to improve can provide
useful information. Transient (hours or days) relief of pain and swelling after
treatment may indicate an underlying structural lesion or a rest-reinjury cycle.
For example, persistent knee pain with recurrent swelling may be due to a torn
meniscus or a loose body within the joint. Persistent back pain may have many
causes, including cancer (see “Case Report and Signs of Cancer”). Thus, the
issue of a failure to respond to treatments as expected over a few days or weeks
is a serious matter. In these cases, consultation with the patient’s physician is
warranted so that appropriate care can be rendered.

Interrupting a Rest—Reinjury Cycle

A rest-reinjury cycle develops when damaged tissues undergo excessive
stress during the repair and, most commonly, remodeling phases. Some athletes
misinterpret the absence of pain as the completion of the healing process. When
the level of exercise, work, and athletic activity exceeds the capacity of the
remodeling tissue, microtrauma occurs and inflammation and pain result.

A rest-reinjury cycle has some similarities with inappropriate plans of care.
For example, consider a middle-aged man seeking treatment after an
arthroscopic meniscectomy. He and his surgeon were concerned about a pattern
of recurrent pain and swelling in the knee that was always worse after
therapeutic exercises. A review of his therapy indicated that he was riding on a
stationary bicycle with a very low seat and doing full-range leg extensions with a
heavy weight three times per week. The exercise program was aggravating long-
standing, mild patellofemoral pain. The treatment consisted of discontinuing the
offending activities and starting a simple home exercise program. The pain and
swelling were completely resolved at a 2-week follow-up appointment. Problems
related to rest—reinjury cycles need to be addressed through a careful review of
the individual’s activities and education. As with issues related to diagnosis and
plans of care, the continued application of the same or different therapeutic



modalities is unlikely to facilitate recovery and may delay essential treatments.

Case Report and Signs of Cancer

An older golfer presented to a sports medicine clinic complaining of back
pain. He was treated with transcutaneous electrical nerve stimulation (TENS)
and received some short-term relief. His back pain, however, progressively
worsened over the next 10 days. The underlying cause of the back pain,
identified during this period of treatment, was cancer of the liver. Two lessons
were learned: (1) Pain that appears to be orthopedic in nature can be due to
organic pathologies, and (2) you must know the signs and symptoms of cancer
and explore this possibility in individuals with chronic pain.

Signs and Symptoms of Cancer

You should be aware of signs and symptoms of cancer so you can arrange
appropriate medical follow-up. The presence of one or more signs or symptoms
associated with cancer does not confirm a diagnosis. The signs and symptoms
listed here should not raise alarm but rather should prompt consultation with a
physician to identify the cause.

Persistent, unexplained pain

Change in bowel or bladder function

Unusual bleeding or discharge

A lump or mass in breast or elsewhere

Obvious changes in a wart or mole or a sore that fails to heal
Persistent cough or hoarseness

Night pain or night sweats

Weight loss

Difficulty swallowing or loss of appetite

Jaundice

Unexplained muscular weakness or loss of coordination
Fever

Headaches, memory loss, poor concentration

Fatigue, increased sleeping

Onset of seizures

Pain is a warning that the tissues are not ready to withstand the stresses being
placed on them. The key to breaking the rest-reinjury cycle is education. The



person must accept the responsibility of avoiding activities that reinjure the
healing tissues. However, the certified athletic trainer and other members of the
sports medicine team need to provide a reasonable rationale for following a plan
of care that will safely return physically active individuals to their desired level
of performance.

Therapeutic modalities have a limited role in clinical management of a rest—
reinjury cycle. Therapeutic modalities can alleviate pain after reinjury, but the
pain relief must not be misinterpreted as indicating a full recovery.

Biomechanics

The mechanics of activities are also closely linked to issues of plan of care
and rest—reinjury. In this discussion, biomechanics is presented as a subsection to
emphasize that improper execution of sport-specific tasks may be the underlying
cause of persisting symptoms. Take the case of the freshman baseball pitcher
with shoulder pain. A careful history obtained from the baseball pitcher revealed
that his pain began shortly after he “learned” to throw a curveball the previous
summer. He did not experience pain at rest and was asymptomatic the day he
came to the clinic. Physical exam revealed tightness in the posterior rotator cuff,
weak scapular stabilizers, and a few mildly tender trigger points. His throwing
mechanics, which were evaluated in the parking lot, were poor, especially when
he tried to throw a curveball. Fortunately he was to attend a baseball camp at a
nearby university in 10 days, and arrangements were made with the coaches to
evaluate and correct his mechanical flaws. Two treatments with manual therapy,
exercises to condition the scapular stabilizers and rotator cuff, and improved
throwing mechanics resolved his shoulder pain. Each component of the plan of
care contributed to recovery; however, the correction of the faulty throwing
mechanics was essential to the long-term success of treatment. As with other
categories of persistent pain, finding the cause sets the stage for successful
management.

Evaluation and Treatment of Myofascial Pain Syndrome

The recognition and treatment of myofascial pain syndrome (MFPS) were
presented in chapter 5. The concepts from these earlier chapters can now be
applied to developing a plan of care for the person with MFPS. Myofascial pain
syndrome is complex, and the cause is usually multifactorial. Thus, the first step
in developing a plan of care is to complete a thorough medical history and



physical examination. Once the diagnosis of MFPS is made and causes are
identified, a plan of care can be established (figure 6.10).



Figure 6.10 Contributors to myofascial pain syndrome.
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Because there is no single cause of MFPS and the condition is not
completely understood, there is no single treatment approach. Each injured
person is an experiment of one. The plan of treatment must address the primary
complaint of pain, provide a progressive plan of therapeutic exercises to improve
posture and correct faulty movement mechanics, and help the person recognize
when stress and fatigue are contributing to pain. The injured person should
become an active member of the sports medicine team as the factors contributing
to MFPS are identified and a plan of care evolves.

There are several approaches to pain control in treating MFPS. Myofascial
release techniques can be used to alter neural input from painful areas and
alleviate fascial restrictions. Conventional modalities including heat, cold,
ultrasound, and TENS are effective adjuncts to manual therapies.

Direct stimulation of trigger points often relieves pain. Trigger point massage
(acupressure) and TENS over trigger points can result in dramatic, initially
transient relief of pain. Deep circular massage of a trigger point can be done with
the eraser end of a pencil or an index finger. The massage will elicit a deep
burning sensation that is difficult to describe. However, with experience you will
be able to help injured persons recognize the difference between pressure and the
exquisite sensitivity of trigger points. Generally, trigger points are massaged
bilaterally for 30 to 40 s each. The number of trigger points that are sensitive
varies depending on the painful region and the individual. However, trigger point
stimulation can usually be completed in less than 10 min.

TENS is an alternative to massage and may be somewhat more effective. The
stimulus should be intense but tolerable. A low frequency (2 to 4 pulses per
second) with a long phase duration (>250 ps) or burst mode should be used. A
probe-style electrode (approximately the size of a pencil eraser) such as a
Neuroprobe (Accelerated Care Plus, Reno, NV) is ideal. The intensity should be
adjusted to produce a burning, needling sensation within individual tolerance.



Each trigger point is treated for 30 to 40 s. Similarly, the Scenar devices (Grants
Pass, OR) deliver a stimulation capable of exciting C fibers.

Pain relief with TENS is usually rapid. Some people experience a dull,
numbing sensation after treatment. The initial relief usually lasts for 1 to 2 h,
although it can last longer. With subsequent treatments, the duration of relief
increases, and complete relief can be obtained in as few as four treatments. In
those whose pain continues to return, TENS with conventional parameters may
also provide relief. A home TENS unit provides the individual a measure of
control over pain.

Myofascial release, conventional heat and cold modalities, and trigger point
therapy do not cure MFPS. However, these techniques, used individually or in
combination, can break the pain cycle. If pain can be controlled, the individual
generally will accept therapeutic exercise regimens and will be open to
suggestions regarding stress management. Programs of pain-free exercise,
improved postural awareness, correction of faulty movement mechanics, and
stress management need to be combined with pain control techniques to resolve
MEFPS.

Although MFPS has multiple causes, there are a few basic components to an
effective plan of care. The first is to correct for repetitive physical stresses that
aggravate the problem. This may include modifying a workstation, providing an
orthotic device, or changing how someone performs a task.

The case studies presented at the opening of this chapter illustrate the
challenges of treating MFPS. The initial interview with the financial advisor
revealed that she spent much of her workday talking on a telephone while
looking up account information on a computer. The risk management office of
her employer evaluated her work requirements, provided a headset telephone
and a new chair, and rearranged her workstation to decrease the number of
repetitive movements during her workday. Without this intervention, her plan of
care consisting of pain management, manual therapy, postural retraining, and
conditioning of the upper back and paraspinal musculature would not have been
effective.

Despite the persistence of the track athlete’s shin splints, the ultimate
biomechanical cause of her problem had never been identified and addressed.
Examination of her foot structure and running gait revealed hyperpronation due
to a hypermobile first ray and rearfoot varus. Treatments with cryotherapy and
TENS decreased her pain but did not resolve the condition. Orthotic control of
hyperpronation, a change in running mechanics introduced by the physical
therapist, and a very gradual (5 months) progression to unrestricted training and
competition formed the foundation for an effective plan of care. Although



carefully controlling her training and doing extensive cross-training were
frustrating, she was able to resume her track career, setting a school record in the
100 m hurdles as a freshman.

Each case was resolved primarily because the source of the persistent pain
was identified and addressed. In addition, however, each plan of care contained a
program of progressive, pain-free exercise. Therapeutic and conditioning
exercises are nearly universal in a plan of care for MFPS. The key to success is
pain-free exercise. The neuromuscular adaptations to painful movement were
addressed in earlier chapters. To break the cycle of motion, pain, and myofascial
adaptation, therapeutic exercises must be pain free; that is, pain must not alter
proper movement mechanics, and activities done today can be repeated
tomorrow. The role of therapeutic modalities and manual therapies in the
management of MFPS is to alleviate pain, desensitize trigger points, and
eliminate fascial restrictions; these changes in turn promote pain-free motion.

The benefits of therapeutic modalities and manual therapy in the clinical
management of MFPS were demonstrated in the previous case studies. In the
case of the financial advisor, moist heat and TENS (figure 6.11) decreased
tenderness of the trigger points and decreased muscle guarding. Myofascial
release (figure 6.12), including suboccipital release and indirect techniques,
further decreased the sensitivity and guarding. In theory, the pain—gamma gain
cycle has a miscommunication. The relief of pain, fascial restrictions, and
muscle guarding fostered compliance with a program of postural exercises. In
conjunction with her modified workstation, the plan of care resolved this
physically active person’s persistent pain within 4 weeks. Although 4 weeks may
seem like a long time, the pain pattern had existed for several months and was
gradually worsening. The certified athletic trainer and the physically active
individual suffering from MFPS must have patience. Myofascial pain patterns
are resolved by breaking the pain—gamma gain cycle, decreasing stresses on
affected tissues, building elasticity in tight tissues, and improving endurance and
strength in weak muscles. These changes occur over time and require continued
compliance with a plan of care after discharge from formal rehabilitation.



Figure 6.11 Moist heat and transcutaneous electrical nerve stimulation in the
treatment of myofascial pain syndrome in the upper trapezius and cervical spine.




Figure 6.12 Sub-occipital myofascial release technique.

Trigger point therapy (figure 6.13) and soft tissue massage broke the pain
pattern in the track athlete described earlier. With repeated treatments, the trigger
points became less sensitive and her pain decreased. As her pain decreased she
was gradually able to tolerate more intense track workouts. Cryotherapy
controlled her symptoms when she trained beyond her tolerance. This athlete’s
coaches supported the efforts of the sports medicine team and were very helpful
in developing and monitoring a carefully controlled, progressive reconditioning
program. Thus, the routine use of cryotherapy to control postexercise pain was
avoided, and the athlete’s recovery proceeded at a steady rate with only a few
minor setbacks.



Figure 6.13 Treatment of trigger point in the upper trapezius.
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In the case of the freshman baseball pitcher, poor throwing mechanics was
the central source of his shoulder pain. Myofascial adaptations, however, were
present. He responded well to strain—counterstrain for the posterior rotator cuff
and stretching of the external rotators (figure 6.14). He did not experience
muscle spasms or pain at rest. In this case, throwing mechanics and posterior
shoulder weakness were the primary problems, and treatment goals were
established to address these issues. Because other therapeutic modalities would
not have helped achieve treatment goals, none were applied. This case reinforces
the value of developing manual therapy skills, and it is a reminder that
therapeutic modalities should be applied to facilitate specific treatment goals
rather than as a habit.



Figure 6.14 Contract-relax stretch of external rotators.

Treating Complex Regional Pain Syndrome

Management of complex regional pain syndrome (CRPS) requires the
cooperative efforts of a team of health care professionals. As stated in chapter 5,
the most important role of the certified athletic trainer in treating CRPS is
recognition. Those with unrecognized CRPS can languish in programs of
rehabilitation, delaying comprehensive medical management. Sympathetic
blocks and medications are usually needed to prevent the progression of CRPS,
alleviate pain, and resolve the condition.

A progressive program of pain-free therapeutic exercise is also needed to
allow full recovery from CRPS. Thus, the certified athletic trainer and physical
therapist play an important role in treating physically active individuals with
CRPS. Therapeutic modalities can exacerbate or alleviate the symptoms of
CRPS. In general, modalities that are uncomfortable must be avoided.
Cryotherapy should not be used. Sometimes superficial heat or the weight of a
hydrocollator pack causes extreme pain; thus, these treatments should be used
with caution. TENS, gentle massage techniques, and pulsed ultrasound
sometimes can relieve the pain of CRPS. TENS offers the advantage of an
adjustable level of sensory stimulus that can be controlled by the individual.
Light touch and gentle massage decrease the hypersensitivity of the tissues. In
some cases, TENS and massage deliver too much sensory stimulus and increase
pain. Pulsed ultrasound offers another alternative; because the cold of the sound
head can increase pain, the sound head should be warmed before treatment.
Pulsed ultrasound delivers less total energy and is better tolerated than



continuous ultrasound. TENS and manual techniques are preferable in treating
CRPS; however, no treatment approach has proven universally effective. In
treating an individual with CRPS, communicate with that person’s physician, be
certain that treatments do not exacerbate the condition, and use the resources that
afford the greatest relief of pain.



Treating Chronic Pain

Despite the best diagnostic and treatment efforts, some patients continue to
experience pain on a daily basis. As noted in chapter 5, changes in nervous
system function may be responsible for pain that is not alleviated by therapies or
medications other than narcotics. While there is a definition of chronic pain,
medical science is searching for effective treatments. When a patient with true
chronic pain is encountered, it is important that the clinician

1. appreciate that chronic pain is the result of altered neural function,

2. appreciate that continued palliative treatment is unlikely to be beneficial,
and

3. refer the patient to those best trained in pain management.

Certainly the diagnosis of chronic pain is disheartening; however, the patient
must ultimately accept that the lasting pain is due to complex and not fully
understood changes in how pain signals are processed and that, at present, no
treatment is fully effective. Medicine is devoting greater attention to pain
experiences and the challenge of chronic pain, and new, more effective
treatments are likely to emerge.



Summary

This chapter addressed the clinical approaches to pain management. A
thorough understanding of the neurophysiological mechanisms of pain
modulation is needed, as is a systematic method of evaluating pain. Finally, we
integrated topics related to the treatment of patients with persistent pain. The
medical history and physical examination findings are necessary to identify the
sources of both acute and persistent pain and develop an individualized plan of
care. The application of therapeutic modalities is not appropriate in all cases, and
they should be used to prepare the patient for therapeutic exercise. The
implications of modality application for the varying sources of persistent pain
were discussed.

There are still gaps in our understanding of the body’s pain control systems.
Melzack and Wall’s notion of a central control of pain continues to intrigue
researchers and clinicians. As noted at the beginning of this chapter, there are
many influences on the perception of and reaction to noxious stimuli. We all
have observed people who can block out pain or alter their pain experience.
Relaxation and imagery are but two techniques to facilitate conscious, “central”
control of pain.

Placebo responses to treatments are also poorly understood and are discussed
in chapter 2. However, a belief that a treatment will relieve suffering may
become a self-fulfilling prophecy. The placebo response confounds the
investigation of therapeutic modalities used in athletic training and must be
addressed by researchers in this area. However, another aspect of the placebo
response is often overlooked. Stated simply, a treatment is more likely to be
effective if the clinician and patient believe it will be effective. Do not neglect
the power of positive thinking in treating an injured athlete, whether you are
applying a therapeutic modality or planning a rehabilitation program.

The mechanisms by which we can control our pain through conscious effort
and subconscious processes are not fully understood. However, it is clear that the
pain control systems described in this chapter are connected to a more complex
process of neuromodulation that defines the pain experience.

Key Concepts and Review

1. Identify sources of persistent pain through a medical history and physical
examination.



Careful questioning of an injured physically active person often reveals

the sources of persistent pain and provides direction for the rehabilitation
plan. The certified athletic trainer should obtain a history of previous
injuries and surgeries as well as information about the onset, location,
characteristics, and timing of symptoms. The results of medical testing and
responses to medications and other interventions should be reviewed.
Thorough questioning may lead to consideration of diagnostic error,
treatment error, rest—reinjury cycle, biomechanical flaws, myofascial pain,
CRPS, or somatization as the cause of persistent pain.
. Develop appropriate rehabilitation plans of care or referral to appropriate
health care professionals for individuals suffering persistent pain due to
diagnostic errors, faulty plans of rehabilitation, faulty biomechanics, rest—
reinjury cycle, complex regional pain syndrome, myofascial pain, and
depression and somatization.

Diagnostic error must be considered when a physically active person
fails to respond to rehabilitation. The sports medicine team must consider
the possibility of diagnostic error and should thoroughly reevaluate exam
findings and request additional testing as indicated. Faulty plans of care
simply require restructuring the athlete’s treatment regimen, which may
include adding or deleting therapeutic modality application. Rest-reinjury
cycles require recognition and education to reverse. The injured physically
active person must understand why symptoms are recurring and follow
through with a complete plan of care before returning to unrestricted
training and competition. Identifying and correcting faulty biomechanics
often requires the assistance of experienced coaches and conditioning
specialists. Consultation with coaches, as well as the analysis of videotaped
performances, may identify and help correct the underlying source of
persistent symptoms. Pain out of proportion to that expected after an injury
or surgery is usually the first and most telling symptom of CRPS. Swelling,
changes in skin color and temperature, and loss of motion also indicate
referral to a physician. Early recognition is the key to successful treatment
of CRPS. Treating myofascial pain requires identification of contributing
factors, desensitization of trigger points, and release of fascial restrictions.
Depression and somatization are complex problems, often requiring referral
to health care professionals trained to treat psychological and psychiatric
dysfunction. The certified athletic trainer should treat existing
musculoskeletal dysfunction; however, comprehensive care is beyond the
scope of athletic training practice.

3. Understand contemporary pain modulation theories from a



neurophysiological perspective.

In 1965, Melzack and Wall published the gate control theory of pain,
which proposed that the pain message could be blocked at the spinal cord
with appropriate external stimuli. With advances in neuroanatomy and
neurophysiology, the basic concept of pain modulation has been refined.
Descending modulation of pain is important for pain relief by the
application of modalities. The noxious pain modulation model proposes that
nerves descending from the raphe nucleus can trigger the release of
enkephalin and modulate pain, and that this descending pathway is
stimulated by noxious input transmitted in the spinal-encephalic pathway to
the PAG. This model offers a plausible explanation for pain relief induced
by painful procedures such as acupressure. The motor pain modulation
model proposes that pulsed, rhythmic stimulation of small-diameter afferent
nerves can trigger the release of beta endorphin by connections between the
hypothalamus and the raphe nucleus. Because beta endorphin has a long
half-life, this transmitter substance can stimulate the descending pathway
for long periods. This model may explain how acupuncture and perhaps
superficial heat relieve pain.



Part 111
Electrical Modalities and Nerve Stimulation

Electrical currents have been applied in therapy since ancient times. In
chapter 7 the physical principles of and physiological responses to electrical
currents are presented. Chapter 8 is devoted to integrating knowledge about pain,
pain management, and electrical currents. The chapter focuses on the application
of transcutaneous electrical nerve stimulation (TENS) to modulate pain via the
pathways described in chapter 5. Electrical currents can also be used to stimulate
muscle contraction and restore neuromuscular control. Chapter 9 describes the
sources of impaired neuromuscular control and the application of neuromuscular
electrical stimulation in the management of musculoskeletal injuries. This
chapter also introduces electromyographic biofeedback and reviews the
applications of biofeedback in facilitating muscle recruitment and relaxing
muscle tension. Part III also reviews precautions and contraindications for the
application of electrical modalities to assure patient safety.



Chapter 7
Principles of Electrical Modalities



Objectives

After reading this chapter, you will be able to

1. define volt, ampere, impedance, and resistance;

describe the differences between alternating, direct, and pulsatile currents;

3. define parameters of pulsatile current, including phase duration, amplitude,
phase charge, and frequencyj;

4. describe the capacitance of nerve and muscle tissue and how it affects the
strength—duration curve;

5. understand the law of Dubois Reymond with respect to the application of
electrical current; and

6. describe the types of electrode configurations used in applying electrical
stimulation.

N

A football player felt a gradual tightening in his low back during a
weightlifting session. Although there was no acute injury, the spasms that are
developing are limiting motion, and he is unable to continue the workout. He
presents to the athletic training clinic with pain at a level of 8/10 and cannot get
comfortable. On examination, he has reduced motion in all directions due to pain
and has difficulty returning to a standing position after flexion. There is no
radicular pain or symptoms, and he has normal strength in the lower extremities
(although he remains uncomfortable). You assess palpable spasm in the lumbar
paraspinals, but he does not have a stepoff in the lumbar spine.

You want to maximize this patient’s pain relief by reducing the spasm.
Although you will apply cryotherapy, you feel that the application of electrical
stimulation might enhance the relief of his pain and spasm so that you may start
a core stabilization program. What type of electrical stimulation should be used,
and what do the parameter selections mean? Options available include making
decisions about the waveform, amplitude, phase duration, and frequency. This
chapter examines these factors by defining the terminology relevant to electrical
stimulation and addressing specific parameters used in treatment selection.
Further clinical application of electrical stimulation is discussed in chapter 8.

The therapeutic use of electricity dates back to ancient times, when the
Greeks used electric eels to treat physical ailments (Kahn 1987). Electrotherapy
has continued to evolve and is very commonly applied clinically in many



different settings. Electrical stimulation has many uses ranging from pain
modulation to assisting muscle contraction. The waveforms and parameters
available can be confusing, but it is important to understand how the components
of a stimulator affect the tissues. This chapter introduces the principles of
electrotherapy and provides a sound foundation for using electrical stimulation
in clinical decision making.



Basics of Electricity

Electrical current is the flow of electrons. To have current, there must be (1)
a source of electrons, (2) a material that allows passage of electrons or a
conductor, and (3) a driving force of electrons (voltage). Current (identified by
the symbol I) is measured in amperes. One ampere (abbreviated A) is equal to
the flow of 6.25 x 10!8 electrons per second. Amperage is the rate of electron
flow past a given point. Because electrons possess a negative charge, a
difference in concentrations creates positive and negative polarity. Electrons
flow from negative to positive, creating the electrical current.

Electrical charge is measured in coulombs (C). One coulomb equals 6.25 x
10'8 electrons. Thus, 1 A equals the delivery of 1 C of electrical charge per
second. Electrical current and electrical charge are both important for an
understanding of the principles of electrotherapy. In electrotherapy, the amount
of electricity delivered is very small, usually in microamperes (pA or
1/1,000,000 of an ampere) or milliamps (mA or 1/1,000 A).

Voltage (V) is a measure of electromotive force and is also referred to as the
electrical potential difference. In order for electrons to flow, there must be a
difference in the quantity of electrons between two points. The magnitude of the
difference between the positive and negative poles is the electromotive force that
will drive the current. Think of voltage as a battery. You can hold a battery
without delivering a charge because there is potential energy. Once the leads are
connected, the power or electrons flow.

Resistance (R) is the opposition to the flow of electrons by the material
through which the current travels. Resistance is measured in ohms (£2). When
the driving force is present (voltage), the amount of resistance determines the
amount of current flow (amperage). Thus, current, voltage, and resistance are
closely related. An electromotive force of 1 V is required to drive 1 A of current
across a resistance of 1 Q. This relationship, known as Ohm’s law, states that
current = voltage/resistance, or I = V/R. Thus, if resistance increases, a greater
voltage is required to drive the same current.

Before voltage can be quantified, impedance must be defined. Impedance is
often equated with the term resistance in that it is the force that resists the flow
of electrons. Impedance is the sum of resistance, inductance, and capacitance.
Resistance is the opposition that a substance offers to the flow of current.
Inductance is opposition created by eddy currents that form around materials
conducting current. Inductance is of little importance in the discussion of



electrotherapy in this chapter, but it is important for understanding how another
modality, diathermy (discussed in chapter 12), works. Capacitance is the ability
of a material to store an electrical charge. Capacitors are important in the
function of many electrical devices. The human body can store electrical charge,
and the concept of capacitance will be very important in understanding
transcutaneous electrical nerve stimulation (TENS). (You will read about the
application of this modality in chapter 8.) Of the three components of
impedance, resistance has the greatest influence in the application of
electrotherapy.

When a clinician applies electrotherapy, the body becomes part of an
electrical circuit as the current travels from one electrode to the other (figure
7.1). The electrical stimulator generates a voltage to overcome the resistance of
the wires and tissues, and a current passes through the body along the path of
least resistance. Among the various tissues in the body, the skin presents the
greatest resistance to current flow. Once the current has penetrated the skin, the
electricity has many paths—through the vascular system, through the nerves, and
through the adipose, muscle, tendon, and bone tissues. Current travels best
through tissues with the least amount of resistance, such as the nerves. When
you understand electrical charge, current, voltage, resistance, and capacitance,
you can explore the differences between the types of electrical stimulators.
Ohm’s law states that voltage = current X resistance. As resistance increases,
more voltage is required to pass the same current through an electrical circuit. If
resistance is held constant, a greater voltage will result in greater current.



Figure 7.1 Electrical activity in the body is constantly changing depending on
the sensory or motor stimulation. When electrical stimulation is added, the
signals on the sensory motor system are altered.
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Relationship of Current, Resistance, and Voltage

The components of electrical current can be compared to water flowing in a
river. The electrons are drops of water (there are a lot of water drops in a river,
just like electrons in current, and you do not see water drops, just flowing water).
The current—the flow of electrons—is like the flow of the river. The voltage is
like a dam in the river. The difference in concentration of water between one side
and the other creates potential energy. Likewise, as the difference in
concentration of electrons increases between two points in a circuit, the voltage
becomes higher. Finally, the flow of the river depends on the resistance. If the
water is forced through a thin pipe, the pressure is increased, but the total flow of
water is lessened. Electrical resistance is affected by the nature of the conductor;
it increases with the length of the conductor, the cross-sectional area of the
conductor, and the temperature. Resistance is lessened when a short, smooth, and
large-diameter pipe is used for water flow.



L-p
A

where
£ is the length (in units of meters),
A is the cross-sectional area (in units of m?); and
p is the resistivity (in units of Q-m) of the material
Ohm’s law:

where

R is the resistance of the object, measured in ohms,

V is the potential difference across the object, measured in volts; and

I is the current through the object, measured in amperes



Types of Electrical Current

To understand the different types of electrical stimulators available, it is
important to be aware of the characteristics of the electrical current applied to the
human body. The waveform describes the configuration of the pulses of the
electrical current. Very specific definitions have been assigned to waveforms,
such as alternating current (AC) and direct current (DC), to provide consistent
terminology within physical medicine and to minimize confusion in
communication with other professions. There are two major classifications of
waveforms: monophasic and biphasic. DC and AC currents can be categorized
as monophasic and biphasic, respectively, but DC and AC currents have no
interruptions between pulses and continue indefinitely. Monophasic currents
have uniquely positive and negative electrodes, while biphasic currents shift
polarity continually, and each electrode has identical effects if the waveform is
symmetrical. Polarity effects to the tissues are minimized or eliminated with a
biphasic current (figure 7.2).



Figure 7.2 Continuous currents. Alternating current (AC): continuous
sinusoidal, biphasic current with no interruption between pulses. (a) There is an
inverse relationship between the phase duration and the pulse frequency. (b)
Direct current (DC): monophasic current that flows in one direction for longer
than 1 s.
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Both AC and DC currents can be hazardous when applied for clinical uses;
therefore, the currents are modulated to produce safe, comfortable stimulators.
Modulation of the waveform within the unit produces pulsatile currents, which
have temporary interruptions between pulses. Pulsatile currents have various
shapes, phase durations (usually short), and interpulse intervals (figure 7.3). The
space that follows each pulse eliminates the normal inverse relationship between
frequency and wavelength as with AC and all natural electromagnetic energy.
This allows the clinician to independently control the number of pulses per
second (frequency) and the phase duration of pulsatile currents (figure 7.4).



Figure 7.3 Relationship of frequency to pulse duration. A pulsatile current has
interruptions called interpulse intervals between pulses that eliminate the
relationship between pulse duration and frequency.
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Figure 7.4 Pulsatile monophasic and biphasic currents. (a) Monophasic current

flows in one direction only. One electrode is always positive (+) and the other is

always negative (—). The interpulse interval allows independent control of phase
duration and pulse frequency. (b) Pulsatile biphasic current flows in one

direction, then the other. Neither electrode is exclusively positive (+) or negative

(-) since they constantly switch. Each pulse (two phases) is separated by an
interpulse interval, and there is independent control of pulse duration and
frequency.
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It is important to understand these waveforms and use proper terminology
when discussing electrical stimulators. Consider the following true story: A
member of the electrical engineering faculty at a college was referred for
treatment by the team physician. This man had experienced an acute onset of
mechanical low back pain while playing tennis. The clinician elected to use
TENS to treat the pain and muscle spasm. When the professor inquired what
type of stimulation was used, he was told that the unit was a high-volt, pulsed
galvanic stimulator. This patient informed the clinician that galvanic and DC are
synonymous and that there was no such thing as pulsed, continuous current. He
was, of course, correct. To be considered DC, the current must flow in one
direction for at least 1 s, making it impossible to be pulsed (i.e., it cannot have
more than one cycle in 1 s). The high-volt, pulsed galvanic stimulator was
incorrectly named.

In addition to helping you use proper terminology, understanding the various



electrical waveforms will help you use TENS in the clinic. Finally, and most
importantly, understanding the basics of electricity and the physiological
response to TENS will help you understand the differences between stimulators
that produce different forms of pulsatile currents. The clinical effect and
application of electrical stimulation are the focus of chapter 9.



Parameters of Electrical Stimulation

When electricity is therapeutically applied to the body, certain effects are
expected. A thermal effect is created when the frequency of the current is very
high (over 100,000 Hz) and is associated with diathermies. A physiochemical
effect occurs when there is a pH change in the tissues. Galvanic stimulation is
required to alter the chemical composition under the electrodes and occurs
because of the ionizing effects. And finally, a physiological effect occurs when
the electrical stimulation causes the depolarization of a nerve and an action
potential results. The physiological effect is desired with TENS and with
neuromuscular electrical stimulation and will be the focus of this chapter. The
specific effect is determined by the manipulations of the electrical current, the
waveform, and the clinical parameters available on most machines. The
parameters of electrical stimulation determine the effect of current on the body.

These are the characteristics of electrical current that will be considered:

Amplitude

Phase duration

Frequency

Rise time (rate of rise of the leading edge of the pulse)
Duty cycle

Amplitude (Intensity)

The amplitude refers to the intensity or magnitude of the current. The peak
current is the maximum amplitude of the current at any point during the pulse
without regard to its duration. The peak current must be high enough to exceed
threshold for the nerve or muscle fiber. Generally, large-diameter sensory and
motor nerves (A-beta and A-alpha) have low thresholds, and smaller intensities
of electrical current are needed to cause an action potential. The A-beta nerves
are closer to the skin, so when the intensity on an electrical stimulator is turned
up, a sensory response precedes a motor response. A high peak current increases
the depth of penetration of the electrical stimulation, which allows more fibers to
be recruited. More nerves are stimulated with a higher amplitude, resulting in a
stronger sensory or motor response.

Peak current is the measure from the isoelectric line (zero) to the maximum
positive or negative point without regard to the duration of the pulse (figure 7.5).



Figure 7.5 Peak current and average current.
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Average current, however, refers to the amount of current supplied over a
period of time, which takes into consideration both the peak amplitude and the
phase duration. The average current may be described as the phase charge, and it
is associated with the ability of the stimulator to produce physiochemical effects
such as pH changes under each electrode, or the ability to perform denervated
nerve stimulation or iontophoresis. These clinical uses require galvanic current
that maximizes the phase charge. Depending on the waveform, it is possible to
have a high peak but low average current. These features are characteristic of a
high-voltage stimulator. The average current can damage tissue, and
manufacturers limit the maximum amplitude on galvanic stimulators and
minimize the phase duration on high-voltage stimulators for safety reasons. This
is further discussed in chapter 8.

Peak current and root-mean-square values are used to describe the intensity
of various waveforms. Peak intensity is measured from the isoelectric line to the
highest point of the waveform.

Root mean square (RMS) is a means of determining phase charge or the
effective area contained in the waveform that results in the physiochemical
effects. It corresponds to an equivalent amount of direct current in the waveform
and requires a complex calculus computation. The term “average current” is
often used to describe the same effect. The RMS measure is preferred to the
average current, especially as more complicated waveforms are used. The RMS
is a more accurate measure of the effective current available with a specific
waveform.

The RMS of a sinusoidal wave (alternating current) is 0.707 times the peak
value. The average current of the same alternating current is 0.639 times the
peak value.

Phase Duration

The duration of the individual phase of a current is the time it takes to leave



the isoelectric (zero) line and return to the isoelectric line. If the current is
biphasic, then there are two phase durations for each pulse. In monophasic
currents, the phase duration and the pulse duration are the same. Tissues respond
only to the phase duration, not the pulse duration. Biphasic currents do minimize
the net charge by reversing the charge within each waveform (figure 7.6).



Figure 7.6 Phase duration: Length of time current flows in one direction before
returning to the isoelectric line.
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The phase duration must be long enough to overcome the capacitance of the
targeted nerve and to cause an action potential. Each fiber type, depending on its
characteristics of size and degree of myelination, has capacitance, that is, the
ability to store charge before discharging. Large-diameter nerve fibers have low
capacitance. They cannot store the charge, and an action potential results very
quickly (within microseconds). Smaller nerve fibers and the muscle membrane
itself have more capacitance and store the charge. In these tissues, there is
minimal disturbance in the membrane potential with a short phase duration.
When the current is applied, if the current does not flow in one direction long
enough, there will not be an action potential (figure 7.7).



Figure 7.7 When the area surrounding a nerve becomes negatively charged by
electrical current, the nerve fiber is no longer polarized in relation to the
surroundings. When the nerve is depolarized, an action potential travels along
the nerve to a synaptic junction.
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The strength—duration curve is important for describing the relationship of
the amplitude (strength) of the electrical current to the duration (phase duration).
These two parameters are linked in the phase charge.

Why is phase charge so important? As mentioned previously, nerve fibers act
as capacitors and store an electrical charge. If the electrical charge delivered is
sufficient to overcome the capacitance of a nerve fiber, it will depolarize (figure
7.8). If the electrical charge does not exceed the capacitance of a nerve fiber, the
electrical charge will leak out of the fiber during the interpulse interval and the
nerve will not depolarize. Likewise, if the amplitude is not high enough despite
the duration, threshold will not be reached. Again, there will not be an action
potential.

Figure 7.8 depicts the capacitance of the nerve fiber types introduced in
chapter 5 as well as the alpha motor neuron (A-alpha) and the sarcolemma of
muscle cells. Using a monophasic square wave, figure 7.9 illustrates the concept
of phase charge being increased to overcome the capacitance of each nerve fiber.
Thus, in TENS application you can select the nerve fiber type or types to be
depolarized.
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Figure 7.8 Strength—duration curve.
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Figure 7.9 Strength—duration curves for various tissues. Because of the
capacitance of the tissues, sensory nerves are the most easily excitable and can
reach an action potential with a short phase duration. C fibers and the muscle
membrane are difficult to excite and require much longer phase durations.
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If phase charge is so important, why is it not important to know the precise
phase charge? If you adjust the phase duration and amplitude of TENS to cause a
tingling sensation without muscle twitch, you have adjusted the phase charge to
exceed the capacitance of A-beta afferent nerve fibers, but not A-alpha motor
nerves. A muscle contraction indicates that the capacitance of the A-alpha motor
nerves has also been exceeded. If TENS application results in a burning,
needling sensation, you have exceeded the capacitance of A-delta afferents.
Thus, by soliciting feedback from the individual and observing for muscle
twitch, you can alter phase charge by adjusting amplitude and phase duration

(figure 7.10).



Figure 7.10 Capacitance is the ability of a nerve to store an electrical charge.
The phase charge must exceed capacitance to depolarize the nerve. Pulse A lacks
sufficient charge to overcome the capacitance of the nerve. However, by
increasing amplitude and phase duration, you increase phase charge to overcome
capacitance and cause depolarization.
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Two concepts related to the adjustment of amplitude and phase duration are
rheobase and chronaxie (figure 7.11). These terms are used primarily in
electrodiagnostic evaluation of nerve regeneration. Rheobase is the minimum
amplitude needed to depolarize a nerve fiber when the phase duration is infinite
(DC current). If the peak amplitude of an electrical current fails to exceed
rheobase, the nerve will not depolarize regardless of phase duration.



Figure 7.11 Rheobase is the minimum amplitude required to depolarize a nerve
fiber, given an infinitely long phase duration. Chronaxie is the phase duration
required to depolarize a nerve fiber when the amplitude is two times the
rheobase.
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Experimental Relationship of Intensity and Phase Duration

As an exercise, you may experiment with manipulation of the amplitude and
duration of the electrical current. Note the minimal intensity needed to elicit a
sensory response when the phase duration is preset to 50 ps. Increase the phase
duration and again note the intensity at a minimal motor response. To achieve
the same clinical effect, each of these parameters can be manipulated. However,
if the machine does not allow a phase duration of greater than 1 ms, it will not be
able to depolarize C fibers or the muscle membrane directly. Another type of
stimulator is needed for these uses.

Chronaxie is the time or phase duration required to depolarize a nerve fiber
when the peak current is twice rheobase. Chronaxie is thought to occur at the
break in the capacitance curve. Stimulation parameters with an amplitude of
twice rheobase and a phase duration slightly greater than chronaxie result in the
greatest comfort for the recipient of TENS. Later this chapter provides
guidelines for adjusting parameters to elicit the desired response with the
greatest comfort.

Frequency



The frequency of the stimulation is the number of pulses generated per
second (pps or Hz). The frequency affects the number of action potentials
elicited during the stimulation. Although the same number of fibers is recruited,
a higher frequency causes them to fire at a more rapid pace, which ultimately
increases the tension generated. Nerve membranes must repolarize, however,
after discharging. There is an absolute refractory period during which the resting
membrane potential is reinstated, and another action potential cannot be elicited
during this time. The absolute refractory period is the rate-limiting factor in the
number of impulses that can be generated by a nerve.

The classical delineations of current frequencies in the electromagnetic
spectrum are low, medium, and high:

e Low frequency is 1,000 Hz (cycles per second) and below.
e Medium frequency is 1,000 to 100,000 Hz.
e High frequency is greater than 100,000 Hz.

Typically, low-frequency stimulators are used to produce the physiologic
effect of action potential generation. When the frequency is raised beyond this
range, the stimulation encroaches on the refractory period of the sensory nerve
and actually causes inhibition by bombarding the membrane with continuous
stimulation. This is called Wedenski’s inhibition, or action potential failure, and
clinically it can result in anesthesia between the electrodes.

Some confusion occurs with the terminology for the categories of stimulators
when referring to frequency. The TENS applications refer to treatment
frequencies as high (60—100 pps) and low (1-10 pps), but these stimulators may
fall into the low- and medium-frequency stimulator (generator) categories.

Medium-frequency generators are used as TENS devices as well, but their
current is modulated to produce a burst rate that the individual nerve fibers can
respond to. For example, interferential current typically uses carrier frequencies
of 4,000 to 5,000 Hz. However, two slightly different medium-frequency
currents are crossed, or interfered, to create a net “beat” frequency. More about
interferential therapy is discussed in chapter 8. Another example of manipulation
of a medium-frequency current is with Russian stimulation. The carrier current
of Russian stimulation is 2,500 Hz, and there is an intrinsic duty cycle of 10 ms
on and 10 ms off. The result is “bursts” of stimulation at a rate of 50 per second.

High-frequency generators are used for thermal purposes and to elicit an
electromagnetic field. High-frequency current is used with diathermies and has
minimal sensory effects.

The frequency or pulse rate can be varied depending on the purpose of the



application of the stimulation. When an AC current is used, there is an inverse
relationship between the frequency and the wavelength (phase duration), and
either can be calculated when one is known. With pulsatile currents, the
interpulse interval allows independent control of phase duration and pulse rate,
so the potential variations are broader.

If the frequency does not affect the phase charge, then why is there a stronger
sensation of stimulation when the pulse rate increases? Increasing the pulse rate
adds more waveforms and ultimately more total charge within a given time (1 s),
but the charge in each pulse is unaffected (figure 7.12).



Figure 7.12 Alternating current has an inverse relationship of pulse duration and
frequency. When the frequency is known (4,000 Hz or 5,000 Hz, for example),
the pulse duration can be calculated: 1 s/4,000 Hz = 0.00025 s (250 ps) and 1
/5,000 Hz = 0.0002 s (200 ps). Since the pulse duration is for both phases, the
phase duration is half of the pulse duration. For example, 250 ps pulse duration
= 125 ps phase duration.
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When the pulse rate is increased with TENS, the higher frequencies cause
the nerve fibers recruited to fire more rapidly, allowing summation of the
stimulation to occur. The body cannot detect when one pulse ends and another
begins, and a continuous sensory effect is noted when the pulse rate exceeds 20
pps (figure 7.13). When the frequency is increased, a tetanic muscle contraction
may result. This usually occurs with a frequency of 35 to 50 Hz. Below this
frequency, a twitch response occurs.



Figure 7.13 Temporal summation occurs when the frequency of stimulation
increases and the sensory nerve and muscle contraction cannot differentiate
between individual stimuli. The impulses add together.
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Rate of Rise of the Leading Edge of the Pulse

The rate of rise of the leading edge of the pulse, also known as pulse rise
time, is a parameter that is incorporated into a waveform, but it will also affect
the type of nerve targeted. The rate of rise refers to the time it takes to get from
zero to maximal amplitude within each pulse. Fast rates of rise are necessary,
especially with low-capacitance tissues such as large motor nerves. The low-
capacitance membrane cannot store much charge and quickly accommodates to a
stimulus. These nerves can dissipate the charge from a pulse with slow rates of
rise, and the ion flux needed to alter the voltage to exceed threshold is never
reached. Sensory nerves that carry light touch, for example, have low
capacitance and easily accommodate. This explains how a person is aware of
clothing when it is first put on but then stops paying attention to the sensation at
the skin; accommodation to this minimal stimulus has occurred. Generally,
tissues with low capacitance accommodate to a stimulus easily, whereas high-
capacitance tissues, because they store the charge, do not accommodate or
dissipate the charge readily.

When you are determining whether there will be a physiological response
within the tissues, the law of Dubois Reymond describes three important factors
within each pulse of an electrical current that you must consider. First, the
stimulus must be of adequate amplitude to reach the threshold level of excitatory
tissues. Second, the rate of voltage change (rate of rise of the leading edge of the
pulse) must be rapid enough that tissue accommodation cannot take place. Third,
the length of stimulus or phase duration must be great enough to overcome the
capacitance of the tissue to allow an action potential.

The rate of rise of the leading edge of the pulse is the preferred term to
describe the onset of the stimulation, since rise time is often confused with ramp.



Ramp time has to do with a gradual increase in the amplitude of subsequent
pulses so that the intensity does not come on abruptly when a duty cycle is used

(figure 7.14).



Figure 7.14 Ramping is a programmed increase in amplitude over several pulses
(1-55s).
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Clinical Applications of Various Stimulation Frequencies

¢ Pain modulation techniques use different frequencies to elicit their desired
responses.
o Motor TENS wuses frequencies of 2 to 10 Hz to elicit the
neurohormonal response.
o Sensory TENS uses frequencies from 60 to 120 Hz to elicit the
enkephalinergic and gating effects.
e Neuromuscular stimulation for passive exercise uses modulated frequencies
of 35 to 50 Hz that create a tetanic contraction.
e To increase blood flow or lymphatic drainage, a pulsing effect may be
desired. A pulse rate of less than 10 pps causes twitching.

Phase charge determines which nerve fiber will depolarize during
stimulation, and frequency determines how often the nerve fibers will
depolarize.

Law of Dubois Reymond



The effectiveness of a current to target specific excitable tissues is dependent
on three major factors:

1. Adequate intensity to reach threshold
2. Current onset fast enough to reduce accommodation
3. Duration long enough to exceed the capacitance of the tissue

Waveforms with an immediate onset of the pulse or fast rate of rise of the
leading edge of the pulse (figure 7.15a) are used when the goal of stimulation is
to excite the sensory nerve fibers. A long onset, such as with a sawtooth
waveform (figure 7.15b), is used when sensory excitation is undesirable but a
long phase duration is required to stimulate the muscle membrane directly. This
treatment is used, for example, when a motor nerve has lost innervation but there
is good sensation over the area, a common occurrence with Bell’s palsy. A long
phase duration is required to stimulate the denervated muscle, but the stimulation
is noxious. A slow onset helps to minimize sensory excitation.



Figure 7.15 (a) A fast rate of rise of the leading edge of the pulse minimizes the
chance of exciting high-capacitance fibers. (b) A long rate of rise causes less
stimulation of high-accommodation fibers while stimulating high-capacitance

fibers.
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Duty Cycle

The final parameter of electrical stimulation to discuss is the duty cycle.
Duty cycles are either extrinsic (imposed by the clinician to interrupt the current
periodically for several seconds) or intrinsic (used to modulate a current
waveform). The extrinsic duty cycle, or “on—off” timing, creates a rest time that
is variable on most units. An intrinsic duty cycle is used when pulses are
packaged into small clusters. These duty cycles interrupt the current at specific
intervals so that the manufacturer can produce time-modulated AC currents,
otherwise known as burst mode. The carrier frequency is usually AC and is
interrupted at regular intervals, often in the millisecond range. Interruptions are
generally imperceptible, but they enable the clinician to take advantage of the
characteristics of the carrier frequency to achieve deeper penetration or greater
total current. The classic Russian stimulators use this method to modulate
medium-frequency sinusoidal waves into bursts of 10 ms on and 10 ms off.
Clinical use of Russian stimulation is discussed in chapter 9. The duty cycle
reduces the high total current of the medium-frequency generators by
introducing an “off” time in the current delivery, making this a safer modality
(figure 7.16). The duty cycle also modulates the net frequency of medium-
frequency generators to physiologically active frequencies (e.g., 2,500 Hz carrier



frequency to 100 burst frequency).



Figure 7.16 Time-modulated AC. An inherent duty cycle is imposed to create
“bursts” of electricity. Each burst has a carrier frequency that is determined by
the machine, and there are several bursts in 1 s. This example shows 3 bursts per
second.
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The extrinsic duty cycle can be adjusted by the clinician to impose a rest
period. This is often done when applying TENS to stimulate alpha motor nerves
to cause muscle contraction. The duty cycle refers to the pattern of on—off
sequencing. For example, you may want to stimulate the quadriceps muscles
after knee injury or surgery because the patient has lost volitional control due to
pain and swelling. The stimulation must be patterned to allow the muscles to
recover between contractions. You might select a 12 s “on” time during which
the quadriceps contract and a 12 s rest between contractions. The duty cycle
would then be 12 s on and 12 s off, or 1:1. When maximal contractions are
attempted with electrical stimulation, a 1:5 duty cycle is recommended to
prevent fatigue.



Electrode Considerations

To complete a circuit in electrical stimulation, at least one electrode from
each output lead must be in contact with the athlete’s skin. There will always be
resistance to the current from the air—skin interface; to increase efficiency and
consistency of the treatment, the clinician should minimize the resistance.

There are many types of electrodes available for electrical stimulation.
Portable TENS units often have single-use or disposable electrodes that are self-
adhesive. These electrodes are convenient, minimize the irritation of the skin
that often occurs with tape adherents, and make the application simple. The
electrodes may be remoistened with water when moved to a new location. The
expense of these electrodes may prohibit their use when volume is heavy.

Most electrodes for commercial or clinical use are either metal backed or
carbon rubber. Various sizes of electrodes are illustrated in figure 7.17. These
require an interface such as moistened sponges or gauze. Gel may be used with
the carbon rubber electrodes; however, this may reduce the longevity of the
electrodes if they are not cleaned properly. Sponges are the most convenient, but
gauze is more sanitary. The interface should be thoroughly wet, with no dry
spots, but not dripping.



Figure 7.17 Small and large electrodes.

The electrodes should be firmly attached to the athlete using elastic straps.
Weights may be used to secure the electrodes to the low back; however, the
current density will change drastically if the electrodes move or become
displaced during the treatment. This may cause discomfort to the athlete. The
intensity should be adjusted after the electrodes have been secured, since any
adjustment in the air—skin interface will affect the resistance and can potentially
increase the current or amplitude dramatically. Electrodes should be flexible to
conform to body parts such as the ankle or knee. To minimize electrode
resistance,

e use large electrodes,

maintain even, firm contact with skin,

use clean electrodes and sponges,

keep the sponge interface well moistened, and
remove excess hair and oil from skin.

Any lead can be bifurcated, or divided. It is imperative that each lead be
used, since a common mistake in applying electrical stimulation is to use one
bifurcated lead (two electrodes), which does not complete the circuit and
therefore delivers no stimulation. Whenever bifurcated leads are used, current
density becomes an issue. Each lead may be bifurcated as many times as needed

(figure 7.18).



Figure 7.18 Monophasic versus biphasic stimulators. Make sure that there are at
least two leads to complete the circuit to allow stimulation. The electrode
configuration on the left does not complete the circuit.
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Current density depends on the size of the electrodes and the distance they
are apart. There is an equal amount of current in each of the two essential leads.
When unequal-sized electrodes are used, the current is more concentrated in the
smaller electrode (figure 7.19). This causes a perception of increased intensity
under the smaller electrode. When electrodes are very different in size, such as
with a point stimulator, the patient may not be able to perceive current in the
larger electrode. The larger electrode becomes the dispersive electrode since the
current is dispersed over a broad area. When bifurcating leads, it is important to
determine the total size of all electrodes that arise from each lead and to compare
that total electrode surface area to the opposite lead surface area to determine if
current density differences exist.



Figure 7.19 Current density concentrates current in the lead that has the smallest
total surface area.
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Current density can also refer to the concentration of current within the
tissues. Current always flows in the path of least resistance. If the electrodes are
placed very close together, the current is most dense or concentrated in the

superficial tissues. If the electrodes are distant from each other, then the current

can take a deeper path through the nerves and blood vessels, which have less
resistance (figure 7.20).




Figure 7.20 The small surface area of the probe electrode creates an area of high
current density, resulting in perception of an intense electrical stimulus. The
relatively large surface area of the dispersive electrode results in low current

density and an excellent dispersion of the electrical stimulus.
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Active and Dispersive Leads

All stimulators use either a monophasic or a biphasic current. By examining
the stimulator, the clinician can determine the polarity. If the stimulator has a
polarity switch, then the stimulator is monophasic, and the toggle will determine
the polarity of the active lead. The active lead is demarcated on the unit as well.
Most monophasic machines also have leads that arise from different locations on
the stimulator, whereas most biphasic units have the two essential leads arising
from the same location or socket from the stimulator. In a biphasic machine,
there is no physiological difference between the electrodes, and therefore it is not
necessary to distinguish the leads (figure 7.21).



Figure 7.21 Determine the polarity of these stimulators. Stimulator A has no
polarity switch, and both leads arise from the same location. Stimulator B has a
polarity switch, and each lead is distinct.

Stimulator "A° Stimalabar "B

Dty cycle conlirmous Dty cycha continuous

U @ oo U @ »oince

T T
.l O time . Phase . e time . Pulse rale
durmalicn
& "
. P e . Pubsa rate . SO time 'F‘ukll‘lﬁ'
. Pawar . Pawar | Active | Disparsive

The dispersive electrode is needed to complete the circuit but is not relevant
to the particular treatment. For example, it is not important to have sensory

perception under the dispersive electrode, but electrical stimulation cannot be
delivered without this pad in place.

Electrode Configurations

There are two general types of electrode configurations: monopolar and
bipolar. Either type may be used with monophasic or biphasic currents.
Quadripolar electrode configurations are often used with interferential current.

Monopolar Electrode Configuration

With a monopolar electrode configuration, two or more unequal-sized
electrodes are used. One lead is designated as active and the other is designated
as dispersive. The leads are placed at different locations, with the active lead at
the target site and the dispersive lead placed away using a monopolar electrode
configuration with a point stimulator. The small electrode with a high current
density is desired at the treatment site, but it is more comfortable to use a larger
electrode to complete the circuit. Often the patient does not perceive current
from the dispersive site (figure 7.22). There are two primary reasons for using a



monopolar electrode configuration. First, when electrodes are placed farther
apart, the current penetration is deeper. As an example, with underwater
stimulation there is less resistance in the water, so the current would
preferentially go through the water instead of through the skin. When a
monopolar configuration is used, the current has to travel through the body in
order to reach the other electrode, which is at a site distant from the treatment
location. Second, a monopolar electrode configuration is required when a
polarity effect is desired. A monophasic current must be used to differentiate the
polarity at the treatment site from the other lead. The polarity is indicated by the
active lead. Examples of this method are iontophoresis and situations in which
one is creating an electrical field of a particular polarity for uses such as wound
healing.



Figure 7.22 Monopolar electrode configuration. Note that either a monophasic
or biphasic machine can be used. Each example uses different-sized electrodes.
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Bipolar Electrode Configuration

Bipolar electrode configurations can also be used with either monophasic or
biphasic currents. In this case, equal-sized electrodes are used, with both placed
over the treatment site (figure 7.23). This setup is the most commonly used
method in TENS.



Figure 7.23 Bipolar electrode configuration. Similar-sized electrodes are used
with either a monophasic or a biphasic machine.
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Quadripolar Electrode Configuration

The quadripolar electrode configuration is often used with interferential
current. Two completely separate medium-frequency generators are used within
the same unit, and the electrodes are placed to cross the currents. Ideally,
interference is created where the two currents cross; however, since the body is
not homogeneous, the current may vary. Many interferential stimulators have an
adjustment that allows variation in the amplitude of one of the currents so that
the location of the perceived current can be adjusted. Interferential current can
also be placed on a flat surface such as the low back. The quadripolar
arrangement implies a three-dimensional configuration of current; however,
because the channels are not placed surrounding the tissues in this example, the
current is aligned according to the alignment of the channels. Each channel has a
red and a black lead. The concentration of the electrical field generated is in
alignment with the same-color lead (figure 7.24).



Figure 7.24 Quadripolar electrode configuration used with interferential current.
The current is aligned so that it is concentrated between the electrodes to localize
the stimulation depending on the pathology. A and B are the two channels.
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Quadripolar electrode configuration is not the same as using two channels of
TENS with four electrodes. Using two channels with TENS increases the
number of stimulation points, which may be advantageous when one is treating a
large surface area; however, the currents do not cross and cause interference.



Summary

Electrotherapy is a broad topic that requires an understanding of the
principles of electrical current and physiological responses before a discussion of
clinical applications. Chapter 7 is a foundation for chapter 8, which addresses
clinical uses of electrotherapy. The parameters of pulsatile current, used in all
applications of transcutaneous electrical nerve stimulation (TENS), are defined.
The link between stimulus parameters and capacitance of nerve and muscle
tissue is illustrated in the strength—duration curve. The law of Dubois Reymond
defines the stimulus characteristics essential for depolarization of nerve and
muscle fibers. This chapter concludes with a discussion of electrode
configurations used for administering electrotherapy. This discussion provides a
transition into issues of clinical applications and decisions, which are addressed
in chapter 8.

Key Concepts and Review

1. Define volt, ampere, impedance, and resistance.

Voltage is a measure of potential difference or electromotive force. One
volt is required for 1 ampere of current to pass through 1 ohm of resistance.
Electrical current, measured in amperes, is the flow of electrons. One
ampere equals the flow of 1 C (6.25 x 108 electrons) per second.
Impedance is the sum of resistance, inductance, and capacitance.
Resistance, measured in ohms, is the opposition to the flow of electrical
current through a material.

2. Describe the differences between alternating, direct, and pulsatile currents.

There are two classifications of continuous currents: alternating (AC)
and direct (DC). TENS units deliver electrical currents that are
noncontinuous or pulsed. Pulsatile currents are classified as monophasic or
biphasic.

3. Define parameters of pulsatile current, including phase duration, amplitude,
phase charge, and frequency.

Pulsatile currents are characterized by pulses of electrical current
interrupted by interpulse intervals. Phase duration refers to the length of
time required to complete each phase of the waveform. Amplitude is the
current or voltage (voltage equals the current if resistance is unchanged) in
the electrical circuit. Phase charge, the number of electrons moved during



each phase of an electrical pulse, is the primary determinant of which nerve
fibers will be depolarized during TENS. Frequency is the number of pulses
delivered per second.

. Describe the capacitance of nerve and muscle tissue and how it affects the
strength—duration curve.

Excitable tissue has a resting membrane potential and can carry an
action potential. When electrical stimulation is applied, an action potential
can be elicited in these types of tissues. Each tissue type has capacitance,
which is the ability to store charge. If the capacitance is high, the electrical
stimulation must have a higher phase charge to elicit an action potential.
Means of increasing phase charge are to increase either the phase duration
or the amplitude of the stimulation, or both. Thus the strength or intensity
of the stimulation and the phase duration are related to create phase charge.
The minimal amount of intensity or phase duration required to elicit a
response depends on the capacitance of the targeted tissue.

. Understand the law of Dubois Reymond with respect to the application of
electrical current.

To create an action potential with electrical stimulation, three factors in
the waveform are necessary. The intensity has to be greater than the
threshold of the tissue; the phase duration must be long enough to overcome
the capacitance of the tissue; and the rate of rise of the leading edge of the
pulse has to be fast enough to prevent accommodation.

. Describe the types of electrode configurations used in applying electrical
stimulation.

Electrodes can be placed in a variety of configurations depending on the
goal of the treatment. A monopolar electrode configuration uses two
unequal-sized electrodes with the smaller, active electrode over the
treatment site and the larger, dispersive electrode over a distant site. The
electrode configuration is bipolar when two equal-sized electrodes are
placed over the treatment site.



Chapter 8
Clinical Application of Electrical Stimulation
for Pain



Objectives

After reading this chapter, you will be able to

1. understand the clinical uses for electrical stimulation in the rehabilitation
process;

2. analyze the waveform of the available device and determine whether the
treatment goal can be met using that stimulator;

3. incorporate theories of pain modulation with the principles of electrical
stimulation to determine the amplitude, phase duration, and pulse frequency
needed for a variety of clinical purposes;

4. understand the use of microcurrent electrical stimulation; and

identify contraindications for the application of electrotherapy.

o1

A 30-year-old triathlete is referred to a sports medicine clinic for treatment of
myofascial pain syndrome in the neck and shoulders. She has had recurring
trouble with her neck and shoulder, mostly associated with prolonged training on
her bicycle. Her pain became acutely worse 6 weeks after an accident in which
the car she was driving was rear-ended. Her primary complaints are increased
pain radiating into the right arm with cycling and with working at her desk for
prolonged periods (she is a practicing corporate lawyer). She also reports
occasional headaches associated with her neck and shoulder pain, which have
become more frequent. X-rays were taken of her neck recently, and the
orthopedic surgeon who referred her was unable to identify a structural cause for
her pain. Examination reveals a fit, physically active woman with a forward-
head, protracted-shoulder posture. There are multiple tender trigger points in her
neck and shoulders. Upper extremity sensation, motion, and strength are normal.
The middle and lower trapezius and serratus anterior are weaker than expected
for her fitness level. A treatment plan is designed consisting of modalities for
pain management, manual therapies, and exercises to strengthen the weak
muscles and improve posture. She asks about using electrical stimulation for
pain control and says that she received treatment in college from a certified
athletic trainer for a back and hip injury sustained while running track.

Because of the patient’s previous positive experience, electrotherapy is
identified as the treatment of choice. Which type of electrotherapy is most
appropriate to achieve the treatment goals? What are the optimal parameters of



treatment? Is electrotherapy contraindicated? This chapter addresses these types
of questions and provides the physical principles and physiological bases for the
use of electrotherapy in sport rehabilitation.

Electrical stimulation units are often versatile in their parameters and often
allow the clinician freedom to manipulate the phase duration, frequency,
amplitude, and duty cycle. Although any type of electrical stimulation that
crosses the skin to excite the nerve is considered transcutaneous electrical
nerve stimulation (TENS), some units are marketed for a specific clinical
purpose, such as “muscle strengthening.” A savvy clinician, knowing the
capacitance and ability to excite target fibers, should be able to critically analyze
the waveform and parameters offered to determine the cost versus benefit of a
stimulator. The clinical uses of electrical stimulation are for pain, muscle
stimulation through the alpha motor nerve, stimulation of denervated muscle,
iontophoresis, and some subtle effects such as edema reduction and wound
healing. For the purposes of this text, the stimulators are categorized according
to their primary clinical function. There is mixed evidence for clinical uses for
electrical stimulation with strong effects for TENS in certain cases such as
osteoarthritis and low back pain. However, there is also research that does not
support the use of TENS. Understanding how TENS can influence the
physiology is imperative for appropriate clinical decision making.

The clinician should not use electrical stimulation if there are known
myocardial problems or arrhythmias. TENS should not be used if there is a
pacemaker or if pregnancy is suspected. Electrical stimulation should not be
delivered through the chest or over the carotid sinus. Stimulation in the anterior
neck elicits activity in the carotid sinus or may cause a contraction of the
pharyngeal muscles. This can affect the blood pressure and pulse.



Transcutaneous Electrical Nerve Stimulation

Electrical stimulation for pain modulation is the primary reason for TENS.
You should review the pain modulation theories presented in chapter 6, since the
techniques described in this section will follow the guidelines associated with
those theories. Specifically, the sensory, noxious, and rhythmical pain
modulation theories should be reviewed. Understanding how TENS relieves pain
requires integration of the pain control models and an understanding of nerve
fiber capacitance. Examples of TENS units include biphasic low-voltage
stimulators, portable TENS units, interferential units, and high-voltage
stimulators.
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This clip demonstrates the setup of a multi-waveform device.

One can achieve variations of TENS by adjusting the current parameters
(figure 8.1). The proposed mechanisms of pain modulation appropriate for each
type of electrical stimulation are discussed in this chapter. Because therapy with
electrical stimulation treats the symptoms of an ailment and generally not the
cause, proper evaluation of the etiology of the injury and rectification of the



cause are important. Ideally, the pain modulation allows the athlete to perform
therapeutic exercise, which will contribute to the alleviation of the problem.
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Efficacy of TENS in the Reduction of Pain

A recent meta-analysis by Bjordal, Johnson, and Ljunggreen (2003)
compared the effects of TENS with placebo controls. They identified 21
randomized controlled trials that examined postoperative analgesic use in
patients who had undergone a variety of surgical procedures and concluded that
TENS reduces postoperative pain compared to the placebo since patients had
less analgesic demand during the first three days after surgery. Evidence-based
research, however, remains mixed regarding whether TENS reduces pain with a
variety of stimulation parameters. Several studies demonstrated that TENS was
effective compared to sham treatment in relieving pain (Abelson et al. 1983;
Hsueh et al. 1997; Jensen, Zesler, and Christensen 1991; Kumar and Marshall
1997; Moore and Shurman 1997; Mgystad, Krogstad, and Larheim 1990; Smith,
Lewith, and Machin 1983; Taylor, Hallett, and Flaherty 1981; Thorsteinsson et
al. 1978; Vinterberg, Donde, and Andersen 1978). Other investigators found no
analgesic effect with TENS (Grimmer 1992) or an effect on overall function
(Feger et al. 2015). Databases have been created to identify randomized clinical
trials to evaluate the use of TENS for both chronic pain and osteoarthritis. Most
studies were eliminated from the evidence-based database because of poorly
controlled or confounding variables.

Considerable variation in the site of stimulation and electrode placement was
reported across the different studies. Some investigators reported that the
electrodes were placed directly over the site of pain (Abelson et al. 1983; Hsueh
et al. 1997; Mannheimer and Carlsson 1979; Taylor, Hallett, and Flaherty 1981;
Vinterberg, Donde, and Andersen 1978). Others stimulated traditional
acupuncture points (Ballegaard et al. 1985; Grimmer 1992; Jensen, Zesler, and
Christensen 1991; Kumar and Marshall 1997; Lewis, Lewis, and Sturrock 1984;
Lewis, Lewis, and Cumming 1994). Two reports did not specify the site of



electrode placement in the study (Moore and Shurman 1997; Nash, Williams,
and Machin 1990). Other investigators (Mgystad, Krogstad, and Larheim 1990;
Smith, Lewith, and Machin 1983; Thorsteinsson et al. 1978) applied TENS
stimulation to acupuncture points and trigger points directly involved in the area
of pain.

The variability in evidence linked to TENS is likely due to the range of
parameters that are suggested for treatments. As our research in pain modulation
mechanisms grows, we should align the treatment methodologies with the
physiological effects that a treatment elicits. For example, in different
approaches to pain modulation, each mechanism requires a certain type of
stimulation. Sensory pain modulation requires a sensory response with A-beta
fibers; rhythmical pain modulation requires rhythmical stimulation of A-delta
fibers (intense); and noxious pain modulation requires the stimulation of pain
fibers (C fibers). The parameter selection in the TENS device can be
programmed to target those tissues. Future research should be consistent and
report those parameters even when a manufacturer bundles the parameters
together to make it easier for the clinician. Similarly, researchers should avoid
the use of jargon when describing methods used to deliver the stimulation.

Considering the money that is spent on the treatment of pain, there is a
significant need to further study the analgesic effects of TENS. Large, multisite
randomized clinical trials are needed to evaluate the efficacy of TENS treatments
and to validate clinical practice. TENS is thought to improve function through
the central nervous system and peripheral mechanisms. Specific athletic injuries
have been shown to respond favorably to TENS. These hypothesized
mechanisms and applications are addressed here.

Mechanisms of Pain Modulation

The mechanisms of pain modulation for electrical stimulation parallel the
pain modulation theories discussed in chapter 6.

Sensory TENS

Sensory TENS is also called high-rate or “conventional” TENS; it can be
used for any painful condition, most commonly in the acute phase or
postoperatively. The large-diameter, A-beta fibers are targeted with this
treatment, and we know that those fibers are stimulated when the patient
perceives a tingling sensation. The goal is to stay submotor because that ensures



that only A-beta fibers are stimulated. If a muscle contraction occurs, there is a
good chance that the smaller diameter (A-delta) fibers could be stimulated,
potentially interfering with the gate theory. The stimulation is comfortable, and
the intensity can be increased as long as it is comfortable and below the motor
threshold.

To configure the stimulator to target the A-beta fibers for sensory TENS,
think about the electrical principles presented in chapter 7. These fibers are large
diameter and are found throughout the skin. They have low thresholds, and
because of their diameter, they require a short phase duration and low intensity.
Typically, these fibers can be stimulated with a phase duration as short as 50 ps,
but it is generally around 100 ps. The intensity is then slowly increased until the
stimulation is perceived. If the clinician has difficulty getting the appropriate
response, the phase duration can be increased. Phase durations should remain
less than 200 ps to make sure that A-delta fibers are avoided. Because we want
to bombard the A-beta fibers with as much stimulation as possible, the clinician
should choose a constant (continuous) stimulation at a high pulse rate (>100 pps)
for an indefinite length of time. Most treatments are cut shorter to allow for other
therapeutic interventions and rehabilitation; however, Pietrosimone and
colleagues (2011) used continuous TENS on osteoarthritic knees both during
rehabilitation and during daily activities to improve quadriceps function.

The treatment time can theoretically last up to 24 h. However, the athlete can
be instructed to use the device for intermittent 20 to 30 min treatments to see
whether the pain is diminishing. If pain is not reduced, then electrode placement
should be adjusted. The clinician should emphasize that TENS treatments do not
replace rehabilitation progression. In the clinic, treatments generally are used in
combination with ice or heat to reduce pain or spasm (figure 8.2). The treatment
time for the TENS is consistent with the recommended time for thermotherapy,
which ranges from 10 to 45 min depending on the depth of the target structure
for the heat or cold therapy.



Figure 8.2 Sensory transcutaneous electrical nerve stimulation is often used with
ice as a pain management technique with acute injuries. So that effective cooling
may take place, make sure the electrodes do not insulate the area.

When the parameters of the stimulation are adjusted to target the large-
diameter A-beta afferent nerve fibers, the release of enkephalins into the dorsal
horn is triggered. Therefore, the pain relief generally lasts only as long as the
stimulation. Any machine that allows stimulation of large-diameter sensory
nerves (with short phase duration and high pulse rate) can be used for this
treatment. Sensory TENS is commonly used to reduce pain after an injury or
after surgery in combination with ice, elevation, and compression. Because the
A-beta fibers accommodate to stimulation quickly, the intensity should be
adjusted periodically. It is common to allow the patient to increase the
stimulation during the treatment as long as the treatment remains below the
motor threshold.

Many TENS units allow the clinician to use a “modulation” mode to
decrease accommodation to the stimulation. This is most often used with sensory
TENS, since the large-diameter nerve fibers that are targeted with this type of
stimulation accommodate quickly. Some manufacturers modulate the amplitude,
the pulse rate, or the phase duration, usually by varying the parameter by 20%
above and below the preset value. Different parameters may be modulated,
depending on the device (see figure 8.3). Some TENS units allow modulation of
amplitude, phase duration, or pulse rate or “multimodulation,” such that two or
more parameters are modulated.



Figure 8.3 Modulation mode. Examples of modulation of the waveform include
amplitude modulation, pulse rate modulation, and phase duration modulation.
Modulation of the waveform helps to reduce accommodation.
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Figure 8.3 Modulation mode. Examples of modulation of the wawveform include ampli-
tude modulation, pulse rate modulation, and phase duration modulation. Medulation of
the wevalorm helps 1o reduce accommadation.

Rhythmical or Motor TENS

Rhythmical TENS may also be referred to as low-rate TENS. It has been
equated with acupuncture in its mechanism of pain relief. This type of TENS is
applied with a broad range of parameters in the literature, which may have
resulted in variable responses. Some studies indicate that they used
“acupuncture-like TENS,” but the parameters do not fit into a category that
would evoke the pain modulation theory previously described. It is very
important to evaluate the parameters used with the appropriate goal when using
TENS.

This mode of TENS incorporates the rhythmical pain modulation theory and
commonly produces a strong, tolerable muscle contraction. Rhythmical TENS is
more vigorous than sensory TENS and is used to treat subacute pain or trigger
points. Rhythmical TENS should not be used on acute injuries; vigorous
contractions may increase discomfort or cause bleeding.

Rhythmical stimulation is theorized to release endogenous opiates and
inhibit pain through descending mechanisms and may provide relief for 1 to 3 h
after a 30 min treatment. Pain relief may be delayed compared to that with
sensory TENS, but it lasts longer. High- and low-frequency (sensory and
rhythmical) TENS has been compared from a neuroscience perspective by
DeSantana et al. (2008). They provide evidence that low-frequency TENS also
stimulates the large-diameter fibers and the subsequent analgesia via the spinal



pathway. They also discuss an opioid stimulation from the more intense,
rhythmical stimulation of low-rate TENS. Sluka and Walsh (2003) used
microdialysis and high-performance liquid chromatography analysis in an
animal model of joint inflammation to demonstrate that there is an increase in
serotonin in the spinal cord during low-frequency, but not high-frequency,
TENS.
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This clip is a demonstration of motor TENS.

To apply motor TENS, set the phase duration, pulse rate, and amplitude to
the following specifications: The phase duration should be high, in a range of
200 to 300 ps, to target the A-delta (fast pain) nerve fiber. Because the motor
nerve fibers are deep, elicitation of the A-delta fibers corresponds to a visible
muscle contraction. The pulse rate should be low, with distinct, separate pulses
in the range of 2 to 4 pps and generally less than 10 pps. The amplitude should
cause the elicitation of strong, visible contractions but should not cause pain. A
strong, tolerable muscle contraction indicates the stimulation of A-delta fibers.
Treatment time generally lasts 20 to 30 min, although the pain relief may not
occur for 30 to 120 min because of the descending mechanism. A duty cycle is
not necessary for motor TENS, and the continuous mode should be selected.

It is sometimes recommended that treatment be initiated with the sensory



TENS technique to obtain the rapid onset of pain relief. As the pain subsides, the
parameters can be adjusted to deliver motor TENS for prolonged pain relief.
Again, this should be done only when the muscle contractions do not perpetuate
the inflammatory response.

Noxious TENS

A noxious stimulus is applied to elicit pain relief through the diffuse noxious
inhibitory control mechanism. This mode of TENS is commonly used with point
stimulators because the amplitude should be at the maximum tolerable level to
trigger descending serotonergic tracts to inhibit pain. Clearly this type of
treatment is performed only when pain has exceeded its usefulness and a long-
term interruption in pain is the goal. This type of treatment works well with
persistent pain and with various myofascial disorders. The treatment may not be
tolerated well in individuals with complex regional pain syndrome because of
the sympathetic hyperactivity. Muscle spasms respond well to this type of
treatment.

The small diameter of the probe creates a high current density to the target
area without subjecting a broad area to the noxious stimulus. Units may
incorporate an ohmmeter to identify points of lower skin resistance that correlate
highly with trigger and acupuncture points. Body charts may help locate
appropriate points for optimal pain relief.

The key to appropriate noxious TENS is to use a machine that allows the
stimulation of C fibers. Very few machines allow a phase duration long enough
to elicit a response of C fibers, since long phase durations have the potential to
apply a great deal of current. The Neuroprobe or a galvanic stimulator can be
used (figure 8.4). The recommended phase duration is between 10 and 20 ms.
This is in contrast to what is possible with most TENS units, which have a
maximum of 250 ps (milli- = 1073; micro- = 107°). Low-rate stimulation is
commonly preferred to achieve the advantages of rhythmical pain modulation in
conjunction with the treatment.



Figure 8.4 Neuroprobe point stimulation. A monopolar electrode configuration
is used with the active electrode in the remote and the dispersive electrode in the
patient’s hand.
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Figure 8.4 Neuoprobe poin stimulation. A monopalar electrode configuration is used with
the active alectrode in the remote and the dispersive elecirode in the patient’s hand,

To apply noxious TENS, the parameters should be set to the following
specifications. Again, the ability to stimulate C fibers may be prohibited in many
stimulators to protect the athlete. The phase duration must be longer than 1 ms,
102 is recommended, and the amplitude should be as high as tolerable. The
pulse rate may vary, but the clinician should choose either a high frequency or a
low frequency. The high-frequency 100 to 150 pps prevents the discrimination of
individual pulses and is classically used in noxious TENS. A low frequency of 2
to 7 pps, however, will elicit the benefits of motor TENS in conjunction with
noxious TENS. If the stimulator parameters are capable of overcoming the
capacitance of C fibers, then the A-delta fibers will be stimulated as well,
providing an added benefit. Each point should be stimulated for 30 s, and
generally 8 to 10 points are treated in a session.

Do not expect good results for TENS treatments if the athlete is taking
narcotic analgesics. The electrical stimulation produces natural opioids that
compete for the receptor sites occupied by the medication.

The pain modulation parameters are summarized in table 8.1.



Table 8.1 Transcutaneous Electrical Nerve Stimulation Parameters

Pulse Target
Type of TENS | Phase duration | frequency Amplitude nerve fiber
A-beta

Sensory <100 us =100 pps Sensory, sub-
motor
Rhythmical 200-300 ps 2-4 pps Strong muscle | A-delta
contracticn
Noxious =1 ms 2-4 pps or Tolerable C fibar
100-150 pps
Types of TENS Units

Various types of machines can be used to deliver TENS in a clinical setting.
Understanding the type of stimulator and how the treatment can be varied makes
the clinician much more versatile. Companies that manufacture stimulators try to
simplify the treatments by requiring the clinician to push one button to select the
parameters. Computer chips are programmed appropriately. Although these
machines simplify the delivery of stimulation, a clinician may not appreciate the
nuances of parameter selection.

The following section describes different classes of electrical stimulators that
are often used for TENS and pain modulation. These stimulators are biphasic
low-voltage stimulators, portable TENS units, interferential units, and high-
voltage stimulators.

Low-Voltage Stimulators

Low-voltage stimulators are all TENS units that do not belong to a special
class. Many manufacturers produce stimulators in this category. They can have
either monophasic or biphasic current and have variable waveforms. Usually
they have specific controls for phase duration, intensity, frequency, and duty
cycles. Most of these units have limitations on the phase duration for safety
reasons, so they are not effective as noxious pain stimulators.

Portable TENS Units

Battery-operated portable TENS units allow a long duration of electrical
stimulation (see figure 8.5). They can be lent or sold to an athlete or patient so
that TENS can be used throughout the day or night for pain management.
Portable TENS units are often used for electrical stimulation treatments during
travels with a team.



Figure 8.5 Portable transcutaneous electrical nerve stimulation units are
available from many manufacturers. Most have two channels and allow the
clinician to preadjust the rate, phase duration, and modulation.
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This clip provides instructions on how to use a TENS device at home.

When using a portable TENS unit, complete a musculoskeletal evaluation to
determine the source of pain and areas of associated pain. From the evaluation,
determine sites for electrode placement, which may be around painful joints, on
trigger or acupuncture points, at spinal nerve root levels or peripheral nerve



trunks, or at a superficial point of the nerve supplying the painful area. Prepare
the skin site by cleaning the area; electrodes should not be placed over abraded
skin or open wounds. Secure electrodes at designated areas on the skin. Carbon-
silicon-impregnated rubber electrodes require a conductive gel interface. Some
pre-gelled electrodes contain an adherent. Thoroughly explain the treatment to
the athlete.

Preset the phase duration and the pulse rate prior to application according to
the type of TENS to be used. Gradually turn up the amplitude until the athlete
feels a tingling sensation. Increase the amplitude until the stimulation is strong,
but comfortable. Electrodes may have to be adjusted for better stimulation and
pain relief. The athlete can be taught to adjust the amplitude independently but to
keep the stimulation at the desired intensity (motor or submotor).

During treatment, the amplitude may be adjusted to maximize pain relief and
to account for accommodation. The fast response to sensory TENS allows rapid
evaluation of electrode placement and effectiveness. If the athlete is responding
well to sensory TENS, other modes may be used. After 20 to 30 min, reevaluate
the athlete for pain and inspect electrode sites for hyperemia.

The athlete may be instructed in home use. Sensory TENS can be used
throughout the day, but the athlete should be taught to turn the stimulation off
periodically and to monitor the duration of pain relief.

Interferential Stimulation Units

Interferential stimulation is another form of TENS used for pain relief,
increased circulation, and muscle stimulation. We are categorizing interferential
stimulation with TENS because it is primarily used for the modulation of pain.
Interferential current simultaneously applies two medium-frequency currents to
achieve deeper penetration of the stimulation. Medium- and high-frequency
currents reduce the skin impedance that minimizes the penetration of low-
frequency currents. Theoretically, a medium-frequency stimulation can be
directed to a target tissue such as a joint. However, according to the pain
modulation theories, sensory stimulation must evoke enkephalin intervention at
the dorsal horn. Furthermore, because of bombardment of stimulation during the
refractory period, medium-frequency currents must be modulated; otherwise
there is minimal or no response in the tissues. Typical modulation techniques
include the incorporation of an internal duty cycle as with Russian stimulation,
or “interfering” the current to create a resultant “beat” frequency.

In order to modulate the medium frequency to a range that can create an
action potential in the tissues, two slightly different medium-frequency (within



the range of 1,000 to 10,000 Hz) sinusoidal wave currents are applied at the
same time (figure 8.6). Typically, interferential units use a carrier frequency of
4,000 or 5,000 Hz. This results in a phase duration of 125 ps or 100 ps (1 s
divided by 4,000 Hz = pulse duration). (Divide by 2 to get the phase duration.)
This phase duration is excellent for sensory pain modulation. The waveforms of
the two carrier currents are superimposed on each other, which causes
interference. Interference creates points of augmentation and attenuation of the
phases where peaks and valleys are added together. The interference results in
the modulation of a “beat” mode with a frequency that ranges from 1 to 100
beats per second, which is well within the conventional low-frequency range.
The beat frequency is determined by the difference between the two carrier
frequencies. For example, carrier frequencies of 4,000 and 4,150 have a beat
frequency of 150 beats per second (bps); 2,500 and 2,550 have a beat frequency
of 50 bps.



Figure 8.6 Interferential stimulation. Two different medium-frequency currents

are superimposed so that there is augmentation and attenuation of the currents.

The resultant frequency is the beat frequency and is the difference between the
two carrier frequencies.
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Figure 8.6 Interferential stimulation. Two diferent madium-frequancy cur-
renis ara superimposed so that there is augmentation and atienuation of the
cuments. The resullant frequency is the beal frequancy and is the diflerence
belwaen the two carmier frequencies.
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This clip demonstrates the proper application of interferential current.

The medium-frequency currents used with interferential units can cause a
cutaneous nerve inhibition, as with the action potential block mode of TENS.
This action potential failure is known as Wedenski’s inhibition, and it occurs
because the stimulation is applied too quickly in relation to the refractory period
of the nerve. At a frequency of 5,000 Hz, the membrane cannot stabilize, and the
continuous function of the sodium-potassium pump causes an inhibitory effect.
One can demonstrate Wedenski’s inhibition by noting the anesthesia between the
electrodes during medium-frequency stimulation. The patient should not be able
to discriminate sharp or dull sensations between the electrodes during
stimulation.

You can vary the frequency of the beats by changing one of the two carrier
frequencies. The beat frequency, not the carrier frequencies, affects the tissues;
changes in this parameter alter the stimulation responses. The number of muscle
twitches increases as the beat frequency increases, until a tetanic contraction is
attained. Some units have a feature that constantly changes the frequency of one
of the carrier currents while the other remains constant. This mode is a “sweep
frequency” that causes a rhythmic change throughout a range of frequencies. The
purpose of the rhythmic mode is to reduce accommodation. Because the



stimulation continuously changes, the body cannot adapt to it. The sweep
frequency provides a more effective stimulation in this manner.

Some models include a rotating vector system that periodically changes the
orientation of the electrical field 45° to further reduce accommodation. The
efficacy of this modification has not been substantiated.

The beat frequency is selected according to the condition to be treated. A
frequency of 60 to 100 bps is used for sensory TENS, 35 to 50 bps for muscle
contraction, and 2 to 4 bps for motor TENS.

Four electrodes should be used for an interferential treatment, two for each
carrier current in a quadripolar fashion. The electrodes of each current are placed
diagonally over the treatment site (figure 8.7). The area to be treated should be
surrounded by the electrodes if it is an extremity or joint. The electrodes should
be placed all on one surface if the treatment area is large, such as the low back.
Some interferential units also offer suction electrodes in which a mild vacuum is
created under the electrode to allow it to stick to the body part. The electrodes
are convenient to apply because they do not have to be strapped down and they
stay in place throughout the treatment.



Figure 8.7 Stimulation produced with interferential current using four
electrodes. The current is maximized between the electrodes, and the electrical

field created is often depicted as a cloverleaf pattern.
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Figure 8.7 Stimulation produced with interlerential current using four
electrodes. The cument is maximized belween the electrodes, and the
electrical field created is oftan depicted as a cloverleal pattarn,
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Reprinted, by permission, from Dynatronics Corporation.

The passage of current through the tissues does not occur linearly between
the electrodes but creates an electrical field. This field is purported to be shaped
in a cloverleaf pattern situated three-dimensionally between the electrodes. If the
conductivity of the tissues were uniform, this perfectly formed electrical field
would occur with the maximal current concentration in the central region
between the electrodes. However, differences in the tissue impedance affect the
location of the electrical field and the degree of superposition of currents.
Therefore, the concentration of current is not always centralized. To maximize
the probability of properly placed electrodes and subsequent electrical fields,
adjust the electrodes so that maximal intensity is perceived in the painful region.

Interferential stimulation can be used with other modalities. Although it is
sometimes difficult with the suction electrodes, ice or heat can be used in
conjunction with the stimulation. Treatment durations are dictated by the goal of
treatment: pain relief, muscle reeducation, muscle spasm reduction, and so on.
Interferential units have been shown to reduce pain and edema posttraumatically.

Contraindications to using interferential stimulators are the same as for any
other form of TENS, but interferential machines must be used cautiously in
proximity to diathermy units. The electrical field generated can cause power
surges in the electrical modalities.

Application



Turn on the power for the interferential machine before setting up electrodes.
This prevents a power surge from transmitting to the patient when the machine
comes on. Select the interferential mode if the unit has multiple stimulation
options. There may be an option of selecting the carrier frequency. Generally
your decision will be determined by your treatment goal. For example, if there
are options of 2,500 Hz and 5,000 Hz, remember that the higher the frequency,
generally the better the depth of penetration (according to the formula that
affects impedance). However, a 2,500 Hz current has a phase duration of 200 ps
(1/2,000 = 400 ps biphasic; therefore each phase is 200 ps). A current with 5,000
Hz has only a 100 ps phase duration. Therefore if a longer phase duration is
desired, which may be the case with the use of neuromuscular stimulation,
select the lower carrier frequency. Neuromuscular factors are presented in detail
in chapter 9.

Select the treatment frequency. This also will be dictated by the treatment
goal. Use the appropriate treatment frequencies for pain modulation or at tetany
for neuromuscular stimulation. You may be able to select a frequency scan that
modulates the frequency throughout a preset range to decrease accommodation.
The treatment frequency is actually the difference between the two medium-
frequency currents (e.g., 5,000 Hz and 5,100 Hz result in 100 bps).

Determine the duty cycle for the treatment. If the treatment is for pain,
generally a continuous (no duty cycle) treatment is chosen. Neuromuscular
treatments require a rest time, and both the on time and the off time should be
selected as appropriate for the treatment.

Set up the electrodes. Moist sponges can be used to improve conductance.
Two complete channels must be connected to the athlete. Ideally, the stimulation
should cross between the electrodes. The electrodes should be firmly secured to
the athlete.

Begin to increase the intensity of the stimulation, one circuit at a time. When
the intensity of the second circuit is increased, the perception of stimulation may
change. Increase each circuit a little at a time while getting feedback from the
athlete about the location of maximal stimulation and the comfort level of the
current. Amplitude should be adjusted only when the duty cycle is on rather than
during the rest phase.

Some interferential units allow the clinician to “move” the current to allow
better placement of the stimulation. This may be done with a joystick or a finger
panel. This requires feedback from the athlete. Vector scan can be selected if the
treatment site cannot be isolated. One circuit will intrinsically vary its amplitude,
changing the location of maximal stimulation. This will reduce the time the
treatment current is at the injury site, so a longer treatment duration is



recommended. Check on the athlete for comfort during the treatment and make
adjustments as necessary.

Premodulated Interferential

Premodulated interferential stimulation makes interferential stimulation
easier to set up. Medium-frequency currents must be modified to a biologically
active low frequency before they get to the body. The premise is that the two
medium-frequency currents are crossed inside the machine so that only two
electrodes or one channel is needed for the treatment. In actuality premod is a
time-modulated AC, much like Russian stimulation. The medium frequency is
delivered with interruptions at set times so that there are packages, or bursts, of
medium-frequency current. The benefit is that the premod uses medium
frequencies (>1,000 Hz), deeper penetration results from the reduced skin
impedance of the higher frequency, and the stimulation is comfortable, likely
from the Wedenski inhibition. Another clinical benefit is that the application
requires only two electrodes, compared to the four required for the conventional
interferential. This method is still an effective method of TENS application,
since both sensory and motor pain modulation stimulation can be performed.

Application of Premodulated Interferential

Determine your treatment goal—for example, sensory pain modulation,
muscle spasm reduction by fatigue, or neuromuscular. Select Premod on the unit.
Adjust the treatment frequency and duty cycle based on the treatment goal.

Attach one channel (two electrodes) securely to the athlete and increase the
intensity to the desired level, depending on the treatment goal.

High-Voltage Stimulators

High-voltage stimulators (HVS) are classified according to two distinct
specifications: They must be able to transmit a voltage of at least 150 V, and they
must use a twin-peaked monophasic current (see figure 8.8). The 150 V
delineation is an arbitrarily set value that demarcates high- and low-voltage
units. The major claims of this type of unit are that the high voltage allows
deeper penetration of the energy and that the short phase duration of the twin
peaks does not allow the capacitance of smaller sensory fibers (A-delta or C
fibers) to be stimulated, resulting in greater comfort. Despite early concerns,
these monophasic pulsatile waveforms do not cause ion flux. The phase duration
is too short to drive the movement of charged particles. Therefore, TENS units



with monophasic pulsatile waveforms do not cause skin irritation or the
physiochemical responses seen with the application of DC current.



Figure 8.8 Twin-peak, monophasic waveform in high-voltage stimulators.
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Figure 8.8 Twin-peak, monophasic wavaborm in high-volage stimulators,

Since the stimulator is monophasic, there is a polarity difference in the
electrodes, allowing the clinician to choose a positive or negative electrode for
the treatment area. Again, since the phase duration is so short, there are minimal
physiochemical changes under the electrodes. High-voltage units are used
clinically for pain control, edema reduction, tissue healing, and muscle spasm
reduction. Muscle reeducation or neuromuscular electrical stimulation (NMES)
can be performed with high-voltage units if the stimulator allows a duty cycle.

The voltage amplitude available with most high-voltage machines ranges
from 0 to 500 V. The amplitude, as with most electrical stimulators, is
determined by patient comfort and the objective of the treatment (sensory or
motor response). One of the features of the high-voltage machine is that
although the voltage is high, there is a low average current. It is therefore a very
safe modality. The twin-peaked waveform allows the high peak voltage and low
average current. The pulse decays almost immediately, and the second pulse
begins before the first peak reaches the isoelectric line. The duration of both
peaks together varies with each manufacturer, but it is generally between 50 and
120 ps. The phase duration is not adjustable, thus ensuring the safety of the unit.

Many claims have been made about the relevance of the polarity control of
high-voltage units, although the low average current minimizes any ion flux or
physiochemical response. However, during healing, the wound emits a charge
potential depending on the stage of healing. It is believed that this potential is
reinforced by application of a charge of like polarity, either positive or negative,
from the stimulator. This process promotes a stronger physiological response and
has been associated with chemotaxis of leukocytes, which may enhance healing
and edema reduction. However, the electrophoretic effect with this type of unit is



negligible, especially with short treatment durations. The net ion flux across the
membrane is minimal and is self-limiting. The short phase durations cause only
a minor shift in ion migration, and with the interpulse interval the membrane can
neutralize any change in the normal ion status. lontophoresis cannot be
performed with this unit because no net ion flux occurs. Several studies have
addressed the possibility of edema reduction with high-voltage stimulation in
animal models (Dolan, Mychaskiw, and Mendel 2003) and humans (Goldman et
al. 2003).

The frequency range offered by most high-voltage units is from 2 to 120 pps.
The frequency adjustment allows the incorporation of either sensory or motor
TENS principles when pain tolerance is the goal. The variation in frequencies
also allows the clinician to optimize parameters for either muscle pumping or
muscle reeducation. The phase duration cannot be changed and is so short that
excitation of the smaller fibers for motor pain modulation or for a strong muscle
contraction will be difficult to achieve.

Electrode placement for high voltage often uses the monopolar technique,
although the bipolar can be used as well (see figure 8.9). The monopolar
procedure uses one or more active electrodes and a larger dispersive electrode.
The active electrodes are smaller and concentrate the current, and therefore the
level of stimulation, over the treatment site. As the name implies, the dispersive
electrode spreads the same amount of current over a larger surface area, causing
minimal, if any, sensory perception under the electrode. The active electrodes are
placed over the treatment site, and the dispersive electrode is placed on a site
distant from the treatment area. Since the distance between electrodes is
increased with the monopolar method, there is potentially a deeper penetration of
the current.



Figure 8.9 Setups using (a) a dispersive pad (monopolar) and (b) a small
electrode (bipolar).
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The bipolar technique, which uses equal-sized electrodes over the same
treatment area, can also be used with high voltage. The larger electrode is
replaced by an equal-sized electrode, although the lead must be plugged into the
dispersive socket in the unit; otherwise the circuit is not complete.

A key feature of the high-voltage unit is its ability to be used with appendage
submersion treatments. Submersion is a preferred method of treatment for acute



ankle injuries because it provides circumferential cooling and sensory TENS for
irregular surfaces. Even though the extremity is in a dependent position, the
submersion method allows active range of motion during the treatment. The
active electrodes are placed in the cold water bath (13° to 18°C, 55° to 65°F),
and a 20 to 30 min treatment is applied. The treatment is followed by other
modalities and exercise as indicated for the condition. The treatment can be
repeated several times throughout the day.

High-voltage stimulation with its monophasic current has the same
applications as other TENS units—sensory and motor pain modulation and
affecting blood flow and edema reduction. High-voltage stimulation has the
same contraindications as all other TENS and should not be used through the
chest, whenever there is a cardiac pacemaker, or during pregnancy. It should not
be used over the carotid sinus in the neck because of the proximity of the
baroreceptors.

The evaluation should determine the goal of the HVS. The high-voltage unit
does not have an adjustable phase duration; therefore, strong contraction as with
motor TENS may not be possible. Check to see if your HVS has an adjustable
duty cycle. If not, then the HVS cannot be used for NMES since there is no way
to impose a rest time or duty cycle. The pulse frequency should be dependent on
the goal of the treatment (sensory or motor TENS, muscle pumping or muscle
contraction). If the HVS is to be used in a water bath, ensure that ground fault
circuit interrupters are in good working order.

From the evaluation, determine whether a monopolar or bipolar electrode
configuration is indicated and set up the electrodes. Make sure the dispersive pad
is not causing trans-thoracic current.

Increase the amplitude to get the desired response (depending on the
treatment goal—sensory or motor response). The HVS has a short phase
duration, and the sensory nerves accommodate quickly to this stimulus. The
amplitude may have to be increased periodically during the treatment. When the
treatment time has ended, turn the amplitude back to zero and disconnect the
electrodes. Evaluate the treatment response and inspect the skin. Return all
electrodes and power down the stimulator.



TIontophoresis

As discussed in chapter 7, there are two major classifications of waveforms:
monophasic and biphasic. Biphasic waveforms have no polarity effects.
Monophasic waveforms are polar since one electrode is positive and the other is
negative. If the phase duration is short, as with an HVS, the polar effects are
minimal and there are no physiochemical effects under either electrode.

Direct current, also known as galvanic current, has a long phase duration (at
least 1 s), has strong polar effects, and is capable of changing the pH under the
electrodes, creating a physiochemical effect. One electrode is always positive
(the anode), and one electrode is always negative (cathode). Certain
physiochemical effects occur in the tissues under each electrode (see figure 8.10,
figure 8.11, and table 8.2).




Figure 8.10 (a) Place each level of a galvanic stimulator into a container of
water. Turn on the current and note the development of many small bubbles at
the negative electrode (hydrogen ions) and the development of a few larger
bubbles at the positive electrode (oxygen ions). (b) Place each lead into a
container of salt water. The salt water dissociates in water into Na* and Cl~ ions.
The CI" is attracted to the positive electrode, which forms hydrochloric acid
(HCI). The Na" is attracted to the negative electrode, which forms NaOH, a
strong base. This is similar to what happens in the body.
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Figure 8.11 (a) and (b) Commercially available iontophoresis devices. (c)
Application of battery operated unit with active electrode over lateral epicondyle
and a dispersive electrode on the upper arm. (d) Application of a rechargeable
battery unit with active and dispersive electrodes on the lateral elbow.







Table 8.2 Polarity Effects With Galvanic Stimulation

pone—————— Thege

Aftracts acids Attracts alkali

Repels alkali Repels acids

Hardens tissue Softens tissue

Contracts tissue Dilates tissue

Stops hemorrhage Increases hemorthage

Diminishes congestion Increases congestion

Sedating Stimulating

Relieves pain in acute conditions by reducing | Reduces pain in chronic conditions because
congestion of softening effect

Scars formed are hard and firm Scars are soft and pliable

Iontophoresis is the process in which ions in solution are transferred through
the intact skin via an electrical potential. It is based on the electrical principle
that like charges are repelled. Therefore, the ions in solution (of similar charge)
migrate away from the electrical source into the body. Iontophoresis is a
noninvasive method of introducing drugs locally (table 8.3). Iontophoresis has
been shown to be effective in clinical trials (Gulick et al. 2000), but there are
many negative and inconclusive reports (Runeson and Haker 2002; Smutok et al.
2002; Gudeman et al. 1997). Furthermore, you should check state practice acts
before administering iontophoresis. Some states, such as Virginia, consider
iontophoresis the application of a prescription medication. Therefore only
physicians can apply the device unless the treatment is delivered in an inpatient
hospital setting. Pennsylvania requires a physician prescription for the
medication, which the patient is responsible for obtaining. The treatment may be
applied by an athletic trainer or physical therapist.



Table 8.2  Pathology and Recommended lons Used With lontophoresis

(Conaton [ tneaton——— Lpoloy |

Pain and inflammation Salicylate -
Hydrocortisone -
Lidocaine +
Dexamethasone -
Calcium deposits Acetic acid -
Fungi Copper +
Adhesions Chlorine -
Edema Magnesium sulfate -
Spasms Magnesium sulfate -

A DC generator is required for iontophoresis. Other monophasic stimulators
have short phase durations, and the current does not flow long enough to cause
physiochemical changes or a driving effect.

Commercially produced units make the application of iontophoresis very
easy. The medication is placed into a specially made electrode and applied at the
treatment site. Some units have a feature to alter the duration of the treatment
depending on the intensity of current used. The clinician sets the milliamp-
minutes on this type of unit to keep dosage as consistent as possible.

The most common application of iontophoresis in sport rehabilitation is the
use of dexamethasone to suppress inflammation, although there are no well-
defined guidelines for such a treatment approach. The relationship between
tissue repair and inflammation was emphasized in chapter 3, where it was
pointed out that suppressing inflammation during tissue healing may be
inappropriate.

In chronic inflammatory conditions, small amounts of necrotic tissue
sometimes cause persistent pain that fails to respond to rest and other treatment
interventions. For example, with age, the vascularity of tendon declines, which
may compromise the body’s ability to phagocytize necrotic tissues. In these
circumstances there is empirical evidence that an injectable or iontophoresed
steroidal anti-inflammatory medication can break a cycle of irritation and pain.
These treatments can relieve symptoms for months or even permanently.

Lidocaine can be used to anesthetize a small area of skin and underlying
tissues. The injection of lidocaine or other anesthetics into trigger points can be
effective in managing myofascial pain syndromes. Iontophoresis offers a means
of delivering the medication without needles. However, the treatment of multiple
trigger points with iontophoresis would be extremely time-consuming.

At one time it was common to mix lidocaine and dexamethasone for
iontophoresis to buffer the solution and thus minimize skin irritation.
Iontophoresis must be conducted with water-soluble medications, but a direct



current passing through water causes hydrolysis, lowering the pH of the drug
solution. When lidocaine is used to buffer the free hydrogen ions, less change in
pH occurs. Unfortunately, this practice also diminishes the delivery of
dexamethasone into the tissues (figure 8.12). The use of buffered electrodes,
which were marketed in the 1990s, minimizes the risk of skin irritation. Thus,
there is no longer a need to mix lidocaine and dexamethasone.



Figure 8.12 Dexamethasone delivery is enhanced by using a buffered electrode
(protocol A) instead of a lidocaine-dexamethasone mixture (protocol B).
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Figure 8,12 Dexamethasone delivery is enhanced by
using a butlerad elecirode (protocal A) instead of a lidocaine-
daxamethasone mixtura (protocol B).

An additional consideration with iontophoresis, which parallels concerns
raised for phonophoresis, is the inability to precisely quantify the amount of
medication delivered into the tissues. Continued investigation of the techniques
is needed to identify effective treatment protocols.

Effects of pH Buffering on Drug Delivery Iontophoresis

Iontophoresis must be conducted using water-soluble drugs. However, a
direct current passing through an aqueous solution causes the hydrolysis of
water, thus creating potentially harmful changes in the pH of the drug solution.

OH raises pH.

H" lowers pH.

Because the most commonly used drug in iontophoresis is the negatively
charged dexamethasone sodium phosphate, a potential problem is the
accumulation of hydroxide ions, which are also negatively charged. If allowed to
accumulate, they will be driven into the skin along with the drug ions.
Depending on the length of the treatment, this can result in alkaline burns at the
skin surface. Fortunately, there are ways to prevent these potentially dangerous
pH changes. The method most often used in delivering dexamethasone sodium



phosphate involves mixing the drug with lidocaine hydrochloride. When the two
substances are mixed and iontophoresis is performed, the following
electrochemical reactions occur:

DexPO,-2 +2Na" + OH™ + H" LidoH" + CI”

Treatment Procedures

Since the purpose of iontophoresis is to introduce a medication, a physician
should prescribe the treatment. Even topically applied steroids can have a
systemic effect; therefore the administration of pharmaceutical agents should be
monitored by a physician.

The electrical stimulators used in athletic training for iontophoresis deliver
DC. The substance to be driven into the tissue must carry an electrical charge in
solution. The solution is placed in a treatment electrode that is buffered to
minimize skin irritation.

The maximum current delivered by the stimulator is 5 mA. Because DC is
used, waveform duty cycle, frequency, phase duration, and ramp cannot be
adjusted, and the only parameters of concern are polarity and dosage. The
polarity of the treatment electrode should be the same as that of the ion to be
driven into the tissue, because like charges repel. The unit of iontophoresis
dosage is milliamperes multiplied by minutes (mA-min). With buffered
electrodes, the maximum dosage is 80 mA-min. Theoretically, the higher the
dosage, the greater the amount of medication driven into the tissues. The dosage
is determined by the amplitude of current that produces a comfortable sensory
stimulation multiplied by the length of the treatment. For example, if a 3 mA
peak current produces a comfortable stimulation and the current is applied for 25
min, the dosage is 75 mA-min. DC current can cause skin irritation, and
feedback from the recipient is essential for a safe treatment. Recent studies have
investigated the manipulation of the current amplitude and time of stimulation
on iontophoresis outcomes. The high amplitude with a short duration was similar
to a low-amplitude, long-duration treatment (Saliba et al. 2011) and higher doses
(80 mA-min) compared to lower doses (40 mA-min) had similar results
(Glaviano et al. 2011). These results reiterate that the application of modalities
help to stimulate tissues and that more is not necessarily better.



Safety

Safe application of iontophoresis requires proper equipment and clinical
judgment. Iontophoresis carries all of the cautions and contraindications of
TENS. In addition, medications to which the patient is allergic contraindicate
iontophoresis. Even with modern electrodes designed for iontophoresis, skin
irritation and chemical burns are possible. Instruct patients to report any
sensation of burning, and if they do so, interrupt the treatment and inspect the
skin. Ice should not be used before iontophoresis since it may diminish the
patient’s ability to perceive the sensory response to the stimulation. Stop
treatment if you have any concern that burning may be occurring. Some people,
especially fair-skinned people, are very sensitive and cannot be treated with
iontophoresis.

Although homemade electrodes and DC generators have been used for
iontophoresis, it is strongly recommended that you use commercial stimulators
and electrodes designed specifically for iontophoresis to protect the patient as
well as yourself. Proper equipment reduces the risk of skin injury substantially.



Microcurrent Electrical Nerve Stimulator for Wound
Healing

Microcurrent is a form of electrotherapy in which the stimulus amplitude is
in the microamperage (millionth of an ampere) range. Microcurrent stimulators
have been referred to as microcurrent electrical nerve stimulators (MENS) and
low-intensity stimulators (LIS). MENS is a poor name because the peak
amplitude generated is usually below the rheobase of even A-beta afferent fibers.
Thus, the electrical current does not result in nerve depolarization. Moreover, the
theoretical basis underlying the application of microcurrent does not involve
nerve fiber depolarization.

A substantial body of evidence shows that electrical stimulation has
physiological effects that are not related to nerve fiber depolarization. Electrical
stimulation has been shown to speed repair in slow-healing surface wounds such
as decubitus ulcers in humans (Barron, Jacobson, and Tidd 1985; Houghton et al.
2003). Enhanced repair in deeper tissue has been reported in animal models with
the use of indwelling electrodes (Akai et al. 1988; Nessler and Mass 1987; Litke
and Dahners 1994; Owoeye et al. 1987). Exciting work on the effects of
microcurrent on edema formation in the acute inflammatory phase is ongoing;
however, this work is limited to animal models.

There is also great interest in the use of pulsed ultrasound and pulsed
electromagnetic fields to facilitate the healing of nonunion and slow-healing
fractures. The effects of these stimulators are discussed in chapter 9.

Although the effects and potential benefits of microcurrent stimulation
warrant continued investigation, the work completed so far has limitations.
There is no evidence that using electrical stimulation facilitates the normal repair
response in healthy humans. Whether microcurrent should be used to treat
musculoskeletal injuries sustained by physically active people has yet to be
determined. There is some testimonial evidence of the benefits of microcurrent
in the treatment of these injuries; however, controlled investigations using
delayed-onset muscle soreness as a model for musculoskeletal injury suggest
that microcurrent may relieve pain but does not speed recovery (Denegar et al.
1992). Some reports even question the pain-relieving effects of microcurrent
(Lerner and Kirsch 1981; Weber et al. 1994). The subsensory effects of
microcurrent may influence the peripheral mechanisms of the inflammatory and
pain processes.

Where does the evidence leave the certified athletic trainer who must decide



whether to apply microcurrent? At this time, the only application of microcurrent
shown to be effective is in the treatment of slow-healing skin lesions, a condition
that a certified athletic trainer is not prepared to treat. The prospects for other
uses of microcurrent will depend on future research findings. Clearly, electricity
can alter tissue responses. However, research based on animal models and the
use of indwelling electrodes does not provide answers about using surface
electrode stimulation in humans to facilitate deep tissue repair or alter capillary
membrane permeability to minimize swelling.

Microcurrent stimulation is safe, although the cautions identified for TENS
should be observed. The major challenge is developing a theoretical basis and
substantiating the clinical efficacy of microcurrent in the treatment of
musculoskeletal injuries. Throughout your career you should continue to review
the research literature and critically assess whether there is enough evidence to
warrant the application of any modality, including microcurrent stimulation.
Table 8.4 summarizes the indications and contraindications for the forms of
electrotherapy discussed in this chapter.



Table 2.4  Indications and Contraindications for Electrotherapy

Indications

Contraindicalions

Stimulation of
denenvated Hssuas

Pain control
Restore neuromuscudar control
Retard atrophy

With dexamathasone: chronic

inflammation
With lidocaine: local anesthesia

Lower motar neuncn lesion

Slow-healing wounds
Inlammatory conditions

Electmde placement over carolid arery
Cardiac pacemnaker (unless approved by MD;
manioring may be necessary)

Pregnancy

Elactrode placement over carctid arlery
Cardiac pacemaker (unless awrwudhym
maonitoring may be necessary)

Pragnancy

Medications to which individual is allergic or
hypemsensitive

Same as for TENS

Same as for TENS




Summary

This chapter addresses the clinical uses of electrical stimulation for pain and
inflammation. The relationship between the waveform, stimulus parameters, and
treatment goals is presented to help the clinician apply electrotherapy effectively
while appreciating that in some cases differing units and waveforms yield the
same physiological responses. For clinical purposes, the relationship between
stimulus parameters and theories of pain modulation introduced in chapter 6 is
discussed in detail, as are the parameters necessary for effective NMES.
Applications of galvanic (direct) current for iontophoresis and microcurrent
electrical stimulation are also presented. Safety and the identification of
contraindications to the application of electrotherapy are emphasized.

Key Concepts and Review

1. Understand the clinical uses for electrical stimulation in the rehabilitation
process.

Electrical stimulation has many clinical uses, including pain
modulation, neuromuscular facilitation, and wound healing. An athletic
trainer can use various commercial stimulators to complement the
rehabilitation process. Electrical stimulation helps to reduce pain, making
therapeutic exercise and daily activities more comfortable. The stimulation
can also be modified to encourage muscle reeducation. When the muscle
activity is facilitated, active exercise can be directed to assist the return to
function.

2. Analyze the waveform of the available device and determine whether the
treatment goal can be met using that stimulator.

There are many stimulators on the market. Many new machines offer
programmed treatment parameters, making treatment selection as easy as
pushing a button. However, the athletic trainer should understand the
functions of the preprogrammed treatments with respect to waveform,
amplitude, phase duration, and frequency. Understanding how the electrical
configuration can be changed to target different tissue types is essential in
understanding therapeutic modalities. The athletic trainer should be able to
differentiate waveforms, types of stimulators, and methods of application
used in electrical stimulation treatment.

3. Incorporate theories of pain modulation with the principles of electrical



stimulation to determine the amplitude, phase duration, and pulse frequency
needed for a variety of clinical purposes.

Theories of pain modulation were reviewed in chapter 6. Electrical
stimulation can be varied to target different nerve fiber types to maximize
the analgesia addressed by each of the theories of pain modulation: sensory,
noxious, and motor. The phase duration, amplitude, and frequency can be
adjusted to target the A-beta, C, and A-delta fibers to apply these theories
clinically.

. Understand the use of microcurrent electrical stimulation.

Microcurrent electrical stimulation uses subsensory stimulation to
promote wound healing. There are various suggestions regarding the
waveforms, phase duration, frequency, and amplitude to maximize the
results.

. Identify contraindications for the application of electrotherapy.

Electrical stimulation should not be used during pregnancy, on a patient
with a cardiac pacemaker, or over the carotid sinus in the neck. Caution
should be exercised with the use of stimulators with high phase charges
such as galvanic stimulators. Additionally, the electrical stimulation should
not be placed so that it goes through the chest.



Chapter 9
Arthrogenic Muscle Inhibition and Clinical

Applications of Electrical Stimulation and
Biofeedback



Objectives

After reading this chapter, you will be able to

1. identify the three components of neuromuscular control;

2. differentiate between neuromuscular control deficits and muscle atrophy as
causes of muscular weakness;

3. discuss the effects of swelling, pain, and altered mechanoreceptor input on
neuromuscular control and arthrogenic muscle inhibition at the knee, ankle,
hip, and shoulder;

4. describe the clinical uses for neuromuscular electrical stimulation,

including Russian stimulation, in the rehabilitation process;

describe the uses of a galvanic stimulator;

define biofeedback;

7. describe the application of EMG biofeedback in the treatment of impaired
neuromuscular control;
8. describe the instrumentation and signal processing related to EMG
biofeedback;
9. describe the use of biofeedback in relaxation training; and
10. identify contraindications for the application of electrotherapy.

SR

A downhill ski racer has had multiple knee injuries with subsequent surgical
procedures. She presents to the clinic with moderate pain on the medial joint line
and has some quadriceps weakness. There is no apparent effusion, but she has
some early osteoarthritic changes due to the traumatic injuries that she has
sustained. A thorough evaluation reveals quadriceps dysfunction on the involved
limb with a central activation ratio of 85%, and reduced hip and knee flexion
moments compared to the contralateral limb. How can we modify the
neuromuscular factors of joint injury? She trains specifically with an ACL
prevention program in addition to core and overall strength training, but would
adjunctive therapy with electrical stimulation enhance her outcome?

This case study illustrates that injury, pain, swelling, and joint instability can
impair neuromuscular control. Clinicians caring for patients with
musculoskeletal injuries must be able to detect and address deficits in
neuromuscular control through a progressive rehabilitation plan. Deficits in
strength and power (rate of force development) limit function, slow progression



to sport-specific retraining, and likely increase the risk of recurrent and new
injuries upon return to competition.

Part II of this text introduced the inflammatory response and tissue repair
processes, acute pain, and lasting pain. This chapter combines an introduction to
neuromuscular control and arthrogenic muscle inhibition with the use of
neuromuscular electrical nerve stimulation (NMES) and electromyographic
(EMG) biofeedback for the treatment of strength impairments. The concepts of
biofeedback are expanded to address control over muscle relaxation.
Neuromuscular control is a broad concept that incorporates the integration of
sensory input and motor recruitment in performing physical tasks.
Neuromuscular control can be compromised following injury. When the ability
to recruit strong, coordinated muscle contraction is compromised by joint injury,
the problem is called arthrogenic (caused by a joint) muscle inhibition, or AMI.
This chapter identifies the causes of impaired neuromuscular control and more
specifically AMI following injury, and it introduces basic concepts of
neuromuscular reeducation. Techniques to restore neuromuscular control
through neuromuscular electrical stimulation and biofeedback are then
presented.

Six components of a progressive rehabilitation program were identified in
chapter 1 (see figure 1.5). Therapeutic modalities are commonly applied to
control pain and interrupt the pain—spasm cycle. Pain control and appropriate
postinjury care to minimize swelling will help restore range of motion. The next
priority in rehabilitation is to return neuromuscular control, the last component
of the rehabilitation program affected by modality application (figure 9.1).



Figure 9.1 Hierarchy of rehabilitation goals.
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Integration of Components of Neuromuscular Control
Into a Rehabilitation Plan

Restoration of control over volitional contractions, reflex reactions, and
complex functional movements was identified in chapter 1 as part of a
progressive rehabilitation plan of care. These components encompass the
continuum of neuromuscular control. By recognizing that neuromuscular control
consists of three components, clinicians can integrate activities to restore
neuromuscular control throughout the plan of care (figure 9.2). AMI of the
peroneal muscles is observed in the loss of ability to balance on the affected leg
or in the loss of ability to hop and gain single-leg balance. This loss of balance
performance is sometimes attributed to impaired proprioception. However,
proprioception is really the afferent component of neuromuscular control.
Furthermore, in tasks such as balancing, the person’s ability to recruit skeletal
muscle to maintain stance is based on sensory input from mechanoreceptors,
Golgi tendon organs, and muscle spindles. Thus, these assessments really
measure neuromuscular control rather than parse out true proprioception.



Figure 9.2 Reflex circuits.
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Reprinted, by permission, from Human Kinetics, 2000, Progressive rehabilitation of lower extremity
sport injury (Champaign, IL: Human Kinetics), 52.

The final component of neuromuscular control relates to complex functional
movements. When one becomes proficient in athletics, complex integration of
afferent input is required to precisely control movement through efferent
pathways. Conscious effort is absent once the movement begins. For example,
when learning to play golf, the player is consciously aware of each movement.
As the player becomes proficient, he or she executes the swing without
conscious control. However, injury can disrupt the ability to perform well-
practiced functional movement patterns. The person who cannot perform a
straight leg raise will also demonstrate abnormal stair climbing patterns and
running gait, indicating disrupted neuromuscular control of functional and sport-
specific movements. Sport-specific movements also require that muscle develop
force rapidly. Thus there is more to restoring neuromuscular control than
improving the force developed by muscle. If the rate of force development is
slowed, the athlete or worker may be unable to dynamically stabilize and protect



a joint from injury.

Neuromuscular Control and Muscle Atrophy

Muscles generate force when motor nerves send impulses to the muscle
fibers they innervate. The more muscle fibers stimulated to contract, the more
force is generated. The cross section of muscles also influences the amount of
force they can generate. When muscle is not used for a period of time, the cross
section diminishes, or atrophies, which is a relatively slow process. When the
ability to recruit muscle fiber contraction in a coordinated manner is impaired,
neuromuscular control has been lost, a process that can occur quickly.

Thus, a loss of neuromuscular control should not be confused with muscle
atrophy. Several weeks of muscle disuse, such as immobilization in a cast, will
result in atrophy as well as loss of neuromuscular control. Fortunately, the
importance of early motion after musculoskeletal injury is widely recognized,
and prolonged immobilization is used only when absolutely necessary.



Why Is Neuromuscular Control Lost?

The case study at the beginning of this chapter provides a clinical example of
lost neuromuscular control due to knee injuries, which is defined as AMI.
Inhibition of quadriceps function after knee injury is commonly encountered in
clinical practice. The relationship between knee injury and neuromuscular
control of the quadriceps has received considerable attention in medical
literature. However, much more study is needed for us to fully understand the
impact of musculoskeletal injury on neuromuscular control and refine
therapeutic approaches to restoring it.

Clinical observations and scientific investigations suggest that more than one
factor contributes to decreased neuromuscular control after musculoskeletal
injury. This chapter explores the impact of swelling, pain, and altered
mechanoreceptor input on the ability to consciously perform volitional muscle
contractions. Mechanoreceptor input is often altered when the ligaments and the
capsule protecting a joint are sprained and the joint becomes unstable. As
discussed in chapter 5, pain and swelling are associated with acute inflammation.
Furthermore, as discussed in chapter 6, pain may occur in the absence of
inflammation. In any case, these factors contribute individually and collectively
to impaired neuromuscular control.

Activities to restore pattern-generated movements and reflexive muscle
contractions usually do not involve therapeutic modalities. However, volitional
control over isolated muscles, such as that which occurs when a straight leg raise
is used to recruit the quadriceps, or when controlled functional motions such as
bending and stair climbing are initiated, can be restored by the application of
therapeutic modalities. Furthermore, conscious control of muscle must be
restored before reflex patterns and more complex movement patterns can be
retrained. Thus, rehabilitation often requires identifying and correcting deficits
in volitional control over skeletal muscles.

Swelling

Swelling within the joint capsule of the knee decreases quadriceps function.
Clinicians often observe this phenomenon after knee injury, and researchers have
studied it. By infusing saline solution into the knee, researchers have been able
to inhibit quadriceps function as measured through electromyography (EMG)
(Kennedy, Alexander, and Hayes 1982; Spencer, Hayes, and Alexander 1984).



Vastus medialis activity can be inhibited by as little as 30 ml of fluid. This small
increase in fluid volume would appear as very mild effusion on clinical exam.
Larger increases in volume affect the function of the other quadriceps muscles. A
200 ml increase can severely limit the ability to perform a straight leg raise even
in the absence of knee injury. Neuromuscular inhibition appears to persist as
long as joint capsule volume remains elevated.

The reason joint effusion inhibits quadriceps femoris function is not fully
understood. However, much of the knee joint capsule is innervated by articular
branches of the femoral nerve (figure 9.3). In particular, the articular branch of
the femoral nerve to the vastus medialis supplies a large portion of the
anteromedial joint capsule. Swelling within the capsule may stimulate stretch
receptors, which in turn trigger reflex inhibition of the motor neuron pool. The
suprapatellar pouch accommodates increases in joint fluid volume more than do
other parts of the joint capsule. The tendency of fluid to accumulate in this area
of the knee may partially explain why the vastus medialis is most affected by
swelling within the knee joint.



Figure 9.3 Swelling within the capsule may stimulate stretch receptors, which in
turn trigger reflex inhibition of the motor neuron pool.
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Tsang (2001) found that the infusion of saline into the joint capsule of the
ankle impaired postural control and inhibited recruitment of the peroneal
musculature. His results suggested that the phenomenon of swelling-induced loss
of neuromuscular control is not isolated to the knee joint. The impact of
extracapsular swelling on measures of neuromuscular control has not been
examined in a laboratory model and warrants investigation.

Pain

Pain also appears to affect neuromuscular control. Athletes who injure a
lower extremity often limp to protect damaged tissue and minimize pain. The
altered movement patterns represent changes in neuromuscular control. Could
the observed gait deviation be due to swelling and altered mechanoreceptor
input? Perhaps, but careful observation suggests that pain contributes to deficits
in neuromuscular control. Athletes with little or no swelling and no history of
trauma may exhibit decreased neuromuscular control.

For example, some individuals with patellofemoral pain (PFP) experience
little or no swelling. The connective tissues housing mechanoreceptors have not
been damaged, nor are these receptors stimulated due to swelling. However, if
you ask the person with PFP to tighten the quadriceps muscle and you palpate
the vastus medialis, it will feel softer than the fully tightened quadriceps of the
uninjured leg (figure 9.4) because the person cannot effectively recruit the vastus
medialis. Similarly, AMI is observed in patients with osteoarthritis in their



knees. Many have no history of trauma that would damage sensory receptors.
Even in the absence of measurable effusion, these patients report pain and
demonstrate AMI.



Figure 9.4 Decreased tone in quadriceps.

Observations such as these support the notion that pain uniquely contributes
to the loss of neuromuscular control. Unfortunately, it is difficult to isolate the
impact of joint pain on neuromuscular control in research. Ethical and
methodological considerations do not permit researchers to induce joint pain in
the way that swelling can be safely induced to study AMI. However, there is
evidence that pain-relieving modalities (focal cold application or transcutaneous
electrical nerve stimulation) disinhibit the quadriceps in patients with knee
osteoarthritis (Pietrosimone et al. 2009). Thus, research and clinical observations
provide evidence that pain, even in the absence of swelling and joint instability,
can alter neuromuscular control.

Despite the limited research evidence, clinical observation offers insights
into successful clinical practice. The first such insight relates to the discussion of
PFP. When knee pain inhibits the function of the vastus medialis, patellar
mobility increases. With greater patellar mobility, there is more irritation of the
joint tissues and more pain. Thus, a cycle is created that gradually turns into
patellofemoral pain syndrome. With sufficient irritation, swelling will also
develop, further compromising neuromuscular control and exacerbating the
cycle.

This phenomenon explains why some athletes who present with the signs
and symptoms of patellofemoral pain syndrome have no history of knee injury.
Other factors (such as changes in training routine) and biomechanical problems
(such as subtalar hyperpronation and genu varus) clearly are contributors.
However, these factors do not explain the loss of neuromuscular control of the
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quadriceps. Thus, it appears that pain decreases neuromuscular control.

The role of pain in the loss of neuromuscular control is an important
consideration during therapeutic exercise. When active exercise is painful,
normal neuromuscular patterning is disrupted. Painful exercise inhibits muscle
groups, perpetuates abnormal motor control, and slows recovery from injury.
With the exception of passive stretching of muscle and connective tissue,
therapeutic exercise must remain pain free if neuromuscular control is to be
reestablished and maintained.

Altered Input

The proprioceptors in the skin, muscles, tendons, and joints provide the
central nervous system (CNS) with a constant flow of somatosensory
information. The CNS responds by generating appropriate motor commands to
allow the body to move safely through a changing environment.

Instability at the knee results in AMI. A systematic review by Hart et al.
(2010) revealed evidence of AMI in anterior cruciate ligament (ACL)—deficient
as well as reconstructed knees. Researchers studying quadriceps musculature in
patients with ACL-deficient knees found 10% to 30% decreases in pain-free
isokinetic force production despite minor atrophy and little morphological
change (Lorentzon et al. 1993). The inhibition of the quadriceps muscles is
accompanied by facilitation of the hamstring muscles (Solomonow et al. 1987).
While these changes in recruitment may serve to minimize anterior translation of
the tibia, the loss of quadriceps function affects movement quality and may leave
the knee vulnerable to reinjury upon return to sport and recreational activities. A
previous injury to the ACL is a recognized risk for a new injury or reinjury.

Similarly, a history of an ankle sprain is a strong risk factor for ankle injury.
The role of AMI has yet to be fully explored. When the ankle is inverted toward
the limits of the range of motion, afferent input is generated in three ways: The
mechanoreceptors within the ligaments and joint capsule alert the CNS to the
precarious position of the ankle; muscle spindles within the muscles that evert
the ankle (peroneus longus and brevis) signal that the muscle is rapidly
stretching; and skin receptors signal the distortion and stretch of the skin over
the lateral ankle. The CNS processes these afferent signals and responds by
activating the motor pathways that cause the everters to contract and by
inhibiting motor activity in the antagonistic muscles to counteract the sudden
inversion of the ankle. Thus, the proprioceptors sense the potential for ankle
joint injury, and the CNS responds through a dorsal horn synaptic reflex loop to
prevent joint injury.



The sensory input from mechanoreceptors can trigger muscle contractions
through the spinal reflex loops. Moreover, the continuous flow of sensory input
from mechanoreceptors is essential to the performance of coordinated
movements. Mechanoreceptors are most active at the anatomical limits of the
physiological range of motion. Damage to ligaments and joint capsules alters
mechanoreceptor input in the damaged tissue and subsequently affects
neuromuscular control. Swelling that limits full range of motion also alters
mechanoreceptor activity. These changes in the pattern of sensory input from
mechanoreceptors decrease neuromuscular control.

The evidence suggests that changes in neuromuscular control persist after
pain and swelling have resolved. Much of our understanding of the impact of
swelling and pain on neuromuscular control has come from the study of knee
injury. However, changes in kinesthetic awareness and slowed reflex
contractions have been observed after injury to other joints.

Ankle Injuries

It is clear that neuromuscular control is lost after sprains of the lateral
ligaments of the ankle. Researchers have reported deficits in position sense
(Freeman 1965) and balance in single-leg stance (Gross 1987) and postural
control (Docherty et al. 2006). In addition, the response of the peroneal muscles
is slowed after ankle sprain (Lofvenberg et al. 1995). One of the goals of
treatment after an ankle sprain is to restore neuromuscular control of the muscles
surrounding the ankle. This is accomplished through a return to pain-free weight
bearing as early as possible, depending on the severity of the injury, and a
progressive program of balance and coordination exercises (Hale, Hertel, and
Olmsted-Kramer 2007) (figure 9.5). Balance and neuromuscular retraining
improves function in patients with chronic ankle instability (McKeon et al. 2008;
Lee and Lin 2008). Research into the effects of balance training on the incidence
of reinjury is ongoing (Janssen et al. 2011). Given the high incidence of reinjury
and the increasing recognition of a link between ankle injury and osteoarthritis,
we need to continue our efforts to understand ankle injury and AMI and to
prevent reinjury.



Figure 9.5 An example of balance and coordination exercises: (a) single-leg
balance and (b) single-leg balance on foam.




Hip Injuries and Arthritis

The influence of hip injury, femoral-acetabular impingement, and
osteoarthritis on neuromuscular control has received relatively little research
attention. Clinical observation suggests that some patients with hip pain and
arthritis demonstrate inhibition of the powerful gluteus maximus muscle.
Freeman, Mascia, and McGill (2013) reported that patients undergoing MRI
arthrograms due to hip-related conditions experienced inhibition of the gluteus
maximus during functional tasks, including supine bridge exercises. These data
suggest that the gluteal muscles respond to hip pain and swelling in a manner
similar to quadriceps AMI in the presence of knee pain and swelling. Given the
prevalence of hip osteoarthritis and the role of the gluteal muscles in such tasks
as rising from a chair and climbing steps, as well as protection from falling,
further investigation into the treatment of hip-related AMI is needed.

Shoulder Injuries and the Low Back

Pain, disruption in ligamentous stability, and swelling appear to inhibit the
rotator cuff, especially in the supraspinatus and perhaps the scapular stabilizers.
The stabilizing function of these two muscle groups is essential for normal, pain-
free shoulder function. For many years, people with rotator cuff tendinitis and
glenohumeral impingement were treated with rotator cuff strengthening
exercises. Some improved rapidly, whereas others improved very slowly. Closer
examination of those who failed to respond to rotator cuff strengthening revealed
that many demonstrated impaired neuromuscular control of the rotator cuff, the
scapular stabilizers, or both (figure 9.6).



Figure 9.6 Shoulder hiking in an effort to abduct the arm is a common
manifestation of impaired neuromuscular control.
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Injury to the ligaments and capsule of the glenohumeral joint compromises
the sense of shoulder positioning and movement detection. Clinically these
injuries compromise the athlete’s ability to keep the shoulder out of positions
likely to cause dislocation and further injury.

Training with visual and EMG biofeedback addresses neuromuscular control
deficits and speeds recovery. Pain, instability, and swelling appear to affect the
shoulder muscles in much the same manner as occurs with the quadriceps after
knee injury. Strengthening alone does not relieve shoulder pain or promote
recovery after shoulder dislocation. The injured person must relearn proper
control of the glenohumeral and scapular stabilizers—in other words, reestablish
neuromuscular control.

The impact of swelling, pain, and instability in other joints on neuromuscular
control warrants further study. Certainly, there is a component of neuromuscular
retraining after any injury; however, it may be more easily accomplished in some
parts of the body than in others. One area receiving greater attention is the low
back, where pain may alter the neuromuscular function of paraspinal muscles.
This loss of neuromuscular control is a significant challenge in treating a
physically active person with a history of back injury and pain.



Role of Therapeutic Modalities in Restoring
Neuromuscular Control

Neuromuscular electrical stimulation and EMG biofeedback are the
modalities most commonly used to help patients regain volitional control of
muscle contraction. There are no direct modality applications for retraining
protective reflex responses or control of complex movements. However, several
therapeutic modalities may be used to permit pain-free exercises aimed at
restoring these components of neuromuscular control. When rehabilitation is
viewed as a hierarchy of goals and modalities are used to achieve specific goals,
the relationship between modality application and efforts to restore
neuromuscular control becomes evident.

Muscle function is initiated with electrical impulses from the alpha motor
nerve. Muscular function is associated with the nervous system on multiple
levels. Information from the sensory system—from the skin, fascia, muscle, and
joints—can have profound effects on the function of the muscular system.
Likewise, cognitive and higher centers affect the muscle in both inhibitory and
excitatory fashion. People with neuromuscular diseases or who have had brain
injuries have lower levels of inhibition that ultimately reduce voluntary control
and produce spasticity. We need inhibition of muscle tone for normal muscle
function. However, following an injury, our efforts are often directed to
minimizing inhibition so that pre-injury strength returns.

Because of the electrical control of muscle, a contraction can be induced
with electrical stimulation. When the motor nerve is intact, the stimulation will
be via the alpha motor nerve. This phenomenon is an example of the law of
Dubois Reymond. The alpha motor nerve is a large-diameter (low capacitance)
fiber and is easily stimulated. These nerves are generally deeper than the sensory
nerves that supply the skin; therefore the patient will perceive the sensation first,
and then as the intensity is increased, a muscle contraction will be produced.
Generally, longer phase durations (>250 ps) are used to stimulate the muscle in
this manner despite the low threshold. If the nerve is not present, then
stimulation may occur at the motor endplate. The muscle cells have a resting
threshold similar to nerves, but the capacitance is very high. A phase duration of
at least 300 ms is required to stimulate the muscle directly. Only galvanic (DC)
stimulators are configured to have such long phase durations.

Both types of muscle stimulation will be addressed in this chapter. Most
commonly, neuromuscular electrical stimulation is used for muscle reeducation



and to promote or enhance muscle function. This type of stimulation can be used
on patients with spinal cord injury since the peripheral nerve is intact (it is just
not connected to the brain). Various methods are used in rehabilitation or to
replace a nonfunctional muscle. Electrical stimulation for denervated muscle
will also be discussed.



Muscle Reeducation

Electrical stimulation can be used clinically to help to retrain the
neuromuscular function that is lost due to AMI after injury or surgery. The
muscles “shut down” in order to protect the joint, but this inhibition must be
overcome to allow controlled rehabilitation. One mechanism to help retrain the
muscle function is with neuromuscular electrical stimulation. The treatment is
still TENS by definition, but the goal of the treatment is to elicit a strong muscle
contraction through stimulation of the alpha motor nerve. The injured person is
taught to contract the muscle with the stimulation to overcome the natural
inhibition. This use of electrical stimulation is termed neuromuscular electrical
stimulation or NMES because the goal is to retrain the neuromuscular
component to achieve an improved ability to produce muscle force.

NMES was originally developed to increase the strength of muscles in
trained athletes. Kots (1977) claimed that NMES combined with intense training
resulted in greater strength gains than training alone. However, there is little
evidence that NMES is any more beneficial than volitional isometric
contractions in building strength. In fact, because isometric strength gains are
position specific, NMES is less effective than resistance through the normal
range of motion in a healthy person.

NMES can also be applied to slow disuse atrophy in innervated muscle. At
one time NMES was most commonly used to prevent disuse atrophy in
postoperative care following anterior cruciate ligament reconstruction. When
intra-articular graft placement procedures were developed, fixation of the graft
was difficult, and patients were placed in plaster casts for up to 6 weeks
following surgery. It was found that NMES limited disuse atrophy during cast
immobilization. However, improved graft fixation now allows for range of
motion and active quadriceps and hamstring contractions to be initiated soon
after surgery, minimizing the need for long-term NMES. Today, prolonged cast
immobilization is reserved for unstable fractures. NMES is contraindicated in
these cases because active muscle contractions can alter the alignment of the
fracture site and delay healing.

Evidence-based medicine shows that NMES assists muscular function when
neuromuscular inhibition is present following injury or surgery (Snyder-Mackler
et al. 1991, 1995; Ward and Robertson 1998; Arna Risberg, Lewek, and Snyder-
Mackler 2004; Currier et al. 1993; Kim et al. 2010). Some data are inconclusive
(Lieber, Silva, and Daniel 1996), and NMES is not as helpful when applied on



normal subjects who can exercise independently.

Somewhat different from NMES is patterned electrical neuromuscular
stimulation (PENS). PENS is a form of electrical stimulation that is based on
electromyography activity during functional tasks recorded in healthy
individuals. The purpose of PENS is to replicate the typical firing pattern
through reeducation from precisely timed electrical stimulation. PENS is
currently used for neuromuscular reeducation or with sport-specific activities
that clinicians can use later in the rehabilitation plan. Some examples of the
sport-specific activities PENS can be used with are walking, running, jumping,
skating, and kicking.

Neuromuscular reeducation with PENS uses previous EMG activity in
healthy persons to help re-create the proper firing patterns after injury. One novel
component of PENS is the use of a triphasic pattern between agonist and
antagonist muscle groups. During muscle contractions, the agonist muscle will
initially fire, followed by the antagonist muscle, and lastly a small amount of
activity will be fired from the agonist muscle again (Brown and Gilleard 1991;
Hallett, Shahani, and Young 1975). For example, the biceps will fire to initiate
elbow flexion, followed by activity of the triceps (the antagonist) to decrease the
rate of elbow flexion, and then a small amount of activity is found again in the
biceps to allow for exact corrections to the end position (Cooke and Brown
1990).

PENS has been applied to a variety of pathological conditions with positive
results. Researchers have found that the use of PENS in conjunction with
rehabilitation produced decreased pain and improved function in individuals
with knee osteoarthritis (Burch et al. 2008) and other chronic conditions
(Palermo, 1987; Palermo, Picone, and Freeberg 1991). Gulick et al. (2011) found
that 6 weeks of jump training with PENS improved vertical jump height by 9.7%
in healthy college athletes.

Muscle Strengthening Versus Force Capacity Enhancement

In order for a muscle to become stronger, a load must be placed on the
muscle and adaptation must occur. Strength is measured by an increased ability
to do work, usually by the ability to lift weights or produce more force. For
strength to increase merely through electrical stimulation, the stimulation must
be as great as a similar overload imposed in the form of exercise. Currier,
Lehman, and Lightfoot (1979) report that a force equal to 40% to 60% of the
maximal voluntary force must be imposed with electrical stimulation for
strengthening to occur. For example, if the athlete can lift 20 Ib with the biceps



volitionally, to strengthen the muscle electrically the stimulation should be
strong enough to lift 8 to 12 lb. This level of electrical stimulation is rarely
tolerable, and in normal situations it is easier to exercise rather than use
electrical stimulation for muscle strengthening.

In an injured population, electrical stimulation can assist neuromuscular
function. If there is inhibition of a muscle from effusion or prolonged
immobilization, electrical stimulation can be used to help teach the athlete to
contract the muscle. In this manner, the force capacity or ability of the muscle to
contract is enhanced, but the muscle is not truly strengthened. Electrical muscle
stimulation always occurs through the motor nerve rather than by depolarizing
the muscle membrane directly whenever the peripheral nerve is intact.
Therefore, although muscle contraction is the goal, the technique is termed
neuromuscular electrical stimulation, or NMES.

NMES can be used in sports medicine for muscle reeducation following
injury or surgery, the reduction of disuse atrophy with immobilization, or
augmentation of the function of an impaired muscle (functional electrical
stimulation). For example, NMES may be used to assist dorsiflexion with foot
drop. NMES may also be used for focal stimulation of a weakness (e.g.,
stimulation of paraspinals on the convex side of scoliosis).

Endogenous Versus Exogenous Muscle Contractions

The all-or-nothing principle affects the type of muscle contraction that is
elicited with NMES (exogenous contractions), and this creates a difference from
physiological contractions (endogenous contractions). According to the law of
Dubois Reymond, if the amplitude of the stimulation exceeds threshold, the
phase duration exceeds capacitance, and the rate of rise of the leading edge is
fast enough to prevent accommodation, there will be an action potential. When
electrical stimulation is applied to target alpha motor nerves, the entire motor
unit associated with the stimulated nerve will respond. The large-diameter motor
nerves are preferentially stimulated because they have a lower capacitance.
Large-diameter motor nerves correspond to fast-twitch (glycolytic) fibers. These
muscle fibers fatigue quickly because of the energy system used to produce a
contraction. This is in contrast to a normal physiological contraction; in such
contractions, slow-twitch fibers are recruited first, and if the task requires a
greater force, the fast-twitch fibers will be called upon as needed.

Furthermore, because of the all-or-nothing principle, the contraction will be
maintained as long as the stimulation is applied. There is no inhibition if the
contraction becomes too strong; therefore the body cannot protect itself against



an intense contraction. An electrically stimulated contraction is also
synchronous, meaning that the individual motor units cannot “rest” as with an
endogenous contraction. These factors contribute to the increased fatigue
associated with NMES. The differences between physiological and electrical
muscle contractions are summarized in table 9.1.



Table 9.1  Differences Between Physiological and Electrical Muscle Contractions
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Fatigue and Neuromuscular Electrical Stimulation

Electrically produced contractions cause greater fatigue than physiological
contractions, primarily because of the energy system used in the fast-twitch
fibers. In order to reduce fatigue with electrical stimulation, a duty cycle or rest
time must be imposed. Generally, a 1:5 on-to-off time is required to allow
enough time to regenerate the local energy utilized for the contraction. The
phosphocreatine energy system is depleted rapidly (in 10-15 s) and requires 30 s
to 1 min to replace. The rest time allows quality contractions to be produced
throughout the treatment. With the use of NMES for muscle reeducation or to
promote quality muscle function, generally a 10 s contraction is followed by a 40
to 50 s rest time. As the athlete accommodates to the overload (after 1 to 2
weeks of training), the rest time can be reduced to 30 s. If the force of the
contraction is very low, as might occur in the early phase of treatment, shorter
rest times might be appropriate. Because of muscle fatigue, the duty cycle is
probably the most important feature of a neuromuscular stimulator. Interestingly,
PENS does not produce the fatigue that NMES does. Thus, PENS can be used
for a longer period of time and prior to activity.

Parameters of Neuromuscular Electrical Stimulation

The electrical stimulator’s parameters of phase duration, pulse frequency,
amplitude, and duty cycle can be adjusted to optimize the NMES treatment.

The phase duration with NMES should be high enough to overcome the
capacitance of motor nerve fibers. Although the capacitance of these motor
fibers is low, these fibers are deep, and a high phase duration is recommended
(250 to 300 ps) so that there is increased recruitment of many motor units.



The goal is to produce a tetanic contraction; therefore the pulse rate should
be 35 to 50 pps. Usually 50 pps is used. Higher frequencies (over 100 pps) do
not cause a stronger contraction, and they promote early fatigue.
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This clip shows the progression of NMES with volitional effort.

The amplitude with NMES depends on the goal of the treatment. If the
purpose is to teach the athlete to contract the muscle, then the intensity should
produce a strong, tolerable contraction. The athlete should perform a voluntary
contraction with the electrical contraction whenever possible to enhance the
force produced. If the goal is strengthening the muscle, then the amplitude
should be 40% to 60% of the maximal volitional force.
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This clip demonstrates NMES stimulation protocol for the quadriceps using
the Russian stimulator.

As described previously, the duty cycle is probably the most important
parameter in NMES treatment since the electrically produced contractions cause
more fatigue than endogenous contractions. The duty cycle should be 1:5 (10 s
on and 50 s off) in the initial treatments, and as the athlete adapts to the
stimulation the duty cycle can be reduced to 1:3. The “on” time does not include
the ramp time, so if a long ramp time is desired, increase the “on” time. For
example, if the on time is 10 s, but there is a 3 s ramp, then the maximal
intensity is on for only 7 s. Increase the on time in this case to 13 s so that there
is a maximal contraction for the full 10 s.

Types of Neuromuscular Stimulators

Any machine can be used as long as there is a duty cycle control. Ideally, the
unit should be able to produce a strong tetanus contraction. Commonly the
Russian stimulator is used; this machine has unique parameters that were
popularized by Kots, a Russian researcher who presented impressive results on
muscle strengthening with electrical stimulation in 1977. The Russian



stimulation parameters are preset and cannot be adjusted to vary the treatment.
PENS has a variety of parameters, including but not limited to its triphasic
pattern and upper and lower extremity sport-specific activities. These activities
allow the clinician to select an optimal electrical stimulation for reeducation
directed at the athlete’s return to play. PENS is an asymmetrical low-volt pulsed
current. It uses a pulse rate of 50 Hz and phase duration of 70 ps. This pulse rate
still allows for a tetanic contraction of the muscle, but when paired with a shorter
phase duration, the amount of discomfort is considerably less than with
traditional NMES. This short phase duration also allows the athlete to complete
the sport-specific activity in conjunction with the stimulation. The PENS uses a
triphasic pattern between agonist and antagonist muscle groups. A 200 ms
stimulus train is applied to the agonist, followed by a 200 ms stimulus to the
antagonist, and finally a 120 ms stimulus train to the agonist. A 40 ms overlap
occurs between the agonist and antagonist. This parameter has been selected
from previous EMG findings, and the clinician cannot change it (figure 9.7).



Figure 9.7 Triphasic pattern of the PENS treatment.
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Application of Neuromuscular Stimulation

The following is an example of a stimulation protocol for the quadriceps
muscle.

Explain the treatment protocol to the athlete, who is encouraged to increase
the current intensity for as strong a contraction as can be tolerated. Also
encourage the athlete to perform a volitional contraction in conjunction with the
stimulation.

Place one electrode over the femoral nerve in the femoral triangle and the
other over the distal quadriceps proximal to the patella. The athlete should be
positioned in a device such as an Orthotron that adds isometric resistance to the
contraction and limits the complete excursion of the limb. Terminal extension
should be avoided to prevent joint “jamming” and soft tissue damage (figure

9.8). The optimal knee angle to obtain maximal quadriceps muscle force using
NMES is at 60° of knee flexion.



Figure 9.8 Neuromuscular electrical stimulation for enhancing force capacity.
Block terminal extension to protect the joint. Use a concomitant maximal
volitional contraction.

Russian Stimulation Parameters (Time-Modulated Medium-
Frequency AC Stimulation)

e Sinusoidal AC current with a carrier frequency of 2,500 Hz (200 ps phase
duration)

e Bursted or time-modulated AC with a 10 ms “on” time and 10 ms “off”
time, which ultimately results in a 50 burst per minute frequency

e Duty cycle preset at 10 s on and 50 s off (with a 2 to 3 s ramp)

Treatment parameters may vary according to the type of unit used. The phase
duration is often preset; otherwise select 200 to 300 ps. The pulse frequency is
also often preset, but if it is adjustable, select 40 to 50 Hz (30 to 40 Hz
postoperatively) for tetany. The amplitude should be adjusted and increased to
tolerance of a maximal contraction. Make sure that the amplitude is adjusted
only when the stimulation is on rather than during the rest phase. The duty cycle
should be set at 15 s on and 50 s off (this is preset on some units; otherwise use a
1:5 on-to-off ratio). Select the ramp time at 2 to 3 s.

The treatment duration may vary according to the type of neuromuscular
stimulator being used and the goal of the treatment. For example, only 10 to 15
contractions are required when maximally tolerated contractions are elicited.
However, when the patient is being “taught” to contract a muscle following a



surgical procedure, more submaximal contractions can be performed. With the
use of home portable units, the treatment can be repeated up to three times a day
for up to 1 h, although overfatigue of the muscle groups should be discouraged.
Generally these units do not elicit a maximal contraction.

The patient should be placed in a position to allow the best contraction of the
muscle. If there is a deficit in the muscle function in part of the range, such as
with an extension lag of the knee, then the muscle should be strengthened in the
weak aspect of the range (figure 9.9).



Figure 9.9 Neuromuscular electrical stimulation for muscle reeducation. Use the
electrical stimulation to teach the athlete how to contract the muscle after an
injury or surgery. Active exercise with the stimulation is encouraged.
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If reciprocal stimulation of agonist—antagonist muscle groups is desired, then
the joint should be positioned so that both muscle groups can benefit. This is
generally in the midrange of the joint motion.

When one is trying to increase the force generated by the muscle with
augmentation of electrical stimulation, the end range of the joint should be
blocked. This is to minimize potential injury to the joint, since the inhibition
caused normally by the Golgi tendon organ cannot take place as long as the
stimulation is on. Blocking terminal extension also prevents hyperextension of
the joint.

Electrical Stimulation for the Treatment of Arthrogenic Muscle
Inhibition

Arthrogenic muscle inhibition (AMI) is a clinical condition characterized by
a decreased ability to activate an uninjured muscle surrounding an injured joint
(Hopkins and Ingersoll 2000). Evidence suggests that both spinal and
supraspinal inhibitory mechanisms play a role in decreasing the excitability of
motor neurons within a muscle, thus decreasing the muscle’s overall function
(Palmieri, Ingersoll, and Hoffman 2004). Although this has been hypothesized as
a protective mechanism aimed at decreasing forces that act around a joint
immediately after injury, AMI may be a limiting factor in restoring optimal
neuromuscular control during rehabilitation.

Previous research has supported the use of conventional modalities such as
TENS, cryotherapy, and NMES in restoring muscle activation after joint injury
(Palmieri-Smith, Thomas, and Wojtys 2008). NMES applied to the inhibited



muscle works under the premise that the electrical stimulation in conjunction
with voluntary exercise will recruit motor neurons that are being reflexively
inhibited. Conversely, disinhibitory TENS and cryotherapy should be applied
directly to the injured joint (Hopkins et al. 2002); they are hypothesized to
increase excitatory afferent stimulation of the spinal cord, which decreases the
relative amount of inhibitory activity, causing a reflex activation of the inhibited
motor neurons. Therapeutic exercise should be performed after a cryotherapy
intervention and may be best performed in conjunction with a disinhibitory
TENS treatment of the inhibited joint (Pietrosimone et al. 2011). Although
research is currently being conducted to determine the most effective way to use
these modalities to disinhibit the motor neuron pool, it should be noted that AMI
is a serious clinical condition that may be treated by strategically placed
conventional modalities.

Direct Stimulation of Denervated Muscle

When the conduction of impulses to muscle by alpha motor neurons is
disrupted, the person loses control of the affected muscle. Alpha motor neurons
conduct impulses from the spinal cord to the muscle and are known as lower
motor neurons, in contrast to the motor neurons of the spinal cord that are called
upper motor neurons. When the nerve to the muscle is not functioning, the
muscle is denervated, or without innervation.

Denervation can be caused by injury or disease, but you will most likely
encounter denervated muscle secondary to trauma. Severe knee sprains and
dislocations can injure the peroneal nerve where it passes behind the head of the
fibula, denervating muscles in the anterior tibial or lateral compartments of the
leg. Injury to the brachial plexus can denervate the deltoid and other muscles of
the arm.

Unlike upper motor neurons of the spinal cord, injury to which results in
permanent paralysis, alpha motor nerves can regenerate, and active control of the
muscle can be restored. This reinnervation process is very slow and does not
always occur.

However, because reinnervation is possible, clinicians have tried to maintain
the muscle with electrically stimulated contractions. The efficacy of electrical
stimulation of denervated muscle has not been established. Electrical stimulation
does not bring about reinnervation; however, a regularly stimulated muscle may
recover force-generating capacity sooner if reinnervation occurs.

Although lower and upper motor neuron lesions are uncommon in an athletic
environment, it is important to understand the difference between these types of



lesions. It is also important to understand that with lower motor neuron injury,
the parameters of stimulation required for NMES will not elicit a contraction
because the capacitance of muscle is much greater than that of the alpha motor
nerve. Therefore, when NMES fails to elicit a contraction of the target muscle,
one must suspect a lower motor neuron injury. If this diagnosis is confirmed, a
low-frequency AC or DC current must be applied to overcome the capacitance
of the muscle. The stimulation of denervated muscle carries the same
contraindications as TENS.

The stimulation is uncomfortable because of the depolarization of small-
diameter afferent nerves. Work closely with the directing physician in treating
people with lower motor neuron lesions, and obtain the necessary equipment
should stimulation of denervated muscle be requested.



Biofeedback

Neuromuscular control incorporates the efferent neural output to skeletal
muscles with the afferent neural input received by the central nervous system.
Coordinated, purposeful movement requires precise feedback from the periphery
to allow for refined control over muscle contractions and ultimately, movement
of the body through space.

This paradigm includes three levels of neuromuscular control: volitional
muscle contractions, reflex responses, and control of more complex, coordinated
movement. The focus of this chapter is on volitional control and the treatments
that can help to restore volitional control. Unlike NMES, biofeedback is used to
monitor the electrical activity of muscle rather than induce a contraction. The
general concepts of biofeedback will be presented followed by a more detailed
description of EMG biofeedback. EMG biofeedback can help physically active
people regain control of volitional muscle contractions and transition to
functional activities. Several examples of clinical strategies to promote control
of wvolitional contractions and more complex movements are provided to
illustrate functional progression.



Volitional Control and Biofeedback

Biofeedback is the use of instrumentation to bring physiological events to
conscious awareness. Electromyographic biofeedback permits awareness of
neural recruitment of muscles by transducing the electrical activity during
muscular contractions into audio or visual signals. Biofeedback devices can also
measure heart rate and galvanic skin response (sweating) during relaxation
training. Visual feedback during therapeutic exercise can be enhanced with
mirrors. Sometimes a combination of feedback devices is used in neuromuscular
reeducation following musculoskeletal injury.

Although EMG biofeedback is used more commonly to increase tension and
force production by a muscle or groups of muscles, it can also be used with other
types of biofeedback to help athletes learn to control tension and stress
responses. An introduction to this aspect of enhancing neuromuscular control is
provided at the end of this chapter.

Why Is Biofeedback Effective?

Biofeedback is really a teaching aid. Effective learning requires precise and
timely information about the quality of performance. This is true in the
cognitive, psychomotor, and affective domains. Feedback must be timely so that
we can assess our performance and identify ways to improve. As a student, you
know that tests returned months after you take them lose their value as learning
tools because your focus has shifted to other coursework and new information.

The feedback provided must also be as precise as possible, as illustrated by
the process of learning golf. Everyone in sports medicine should try to learn golf
because proficiency in this game requires considerable coordination, and the
learning process is a study in neuromuscular education. Step up to the tee, swing
the club, and see what happens. Unless you are truly gifted, your first swing will
result in the ball’s rolling forward or slicing wickedly, or perhaps in no contact at
all. You are not sure what went wrong, only that the outcome was flawed.
Slowly you improve through trial and error. To speed the acquisition of the basic
skills, find a good golf coach and watch the improvement. Effective coaching
provides precise information about the reasons for poor shots. Swing speed,
swing plane, head and hand position, and other factors can be quickly assessed
and improved. Thus, precision of feedback is as important as timeliness.

We have discussed the reasons for impaired neuromuscular control. At this



point we hope you appreciate the certified athletic trainer’s role in restoring
volitional control of both simple and complex motor tasks. Here we introduce
biofeedback in relaxation training, but before we proceed, we must review the
instrumentation, especially that used for EMG biofeedback.

Instrumentation

If EMG biofeedback is to provide useful information, the electrical activity
of the muscle must be recorded and transformed into visual and auditory signals.
This process begins with the detection of electrical activity by electrodes. In
clinical practice, surface electrodes are used. In some research applications, the
electrodes consist of fine wires inserted into the muscle. The indwelling
electrodes provide very specific information from a portion of a muscle but are
not appropriate for clinical use. Surface electrodes provide less specific
information, but the convenience of these electrodes and their ability to quantify
the activity of muscles and muscle groups make them ideal for sport
rehabilitation.

There are several configurations of surface electrodes. All consist of two
active leads and a ground. The self-adhesive electrode with a single three-pole
attachment is illustrated in figure 9.10. These electrodes are easy to apply, stay in
place, and are inexpensive.



Figure 9.10 An electromyography electrode.

Once the raw electrical signal is detected at the electrode, it is conducted to
the electrical circuitry within the EMG biofeedback unit. Within the unit, the raw
EMG signal received through the electrodes is filtered, amplified, rectified,
integrated (figure 9.11) and transduced into visual and audio output that is
proportional to the amount of electrical activity in the muscle. Advances in
technology allow for signal processing with much smaller components,
permitting greater portability of the unit and expanding the applications of EMG
biofeedback in rehabilitation.



Figure 9.11 Electromyographic signal processing. Electrical signal detected at
an electrode is (a) amplified and (b) rectified. (c) The signal is then integrated by
taking samples at specific time intervals (e.g., every 0.1 s for a sampling rate of
100 Hz). (d) The sampling points are connected, and the electrical activity is
quantified by calculating the area under the curve.
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Filtering removes “noise” from high- and low-frequency sources. Electrical
activity of muscles falls into the 80 to 250 Hz range. It is important that
electrical activity below and above this range be filtered before the signal is
processed. For example, the electrical current that runs the lights and equipment
in athletic training rooms and clinics is 60 Hz, so without effective filtering,
turning on an ultrasound or a TENS unit could cause signal fluctuation.

Effective signal processing requires that the raw EMG signal be amplified.
Actual electrical activity in muscle falls in the microvolt range, so a signal
amplifier is used to amplify the signal into the millivolt range.

When a signal is rectified, all deflections from the isoelectric line are made
positive or negative. Signal integration involves sampling the rectified signal and
fitting a curve through the sampled points. This process essentially smoothes the
signal, allowing for the area under the curve to be quantified (integrated). The
integrated electrical signal is then used to power lights, sound, or a signal meter
to provide immediate and highly specific feedback about the amount of electrical
activity within the target muscle.

Other forms of biofeedback operate in a similar manner. Heart rate monitors
detect the electrical activity of heart muscle contractions. Changes in the
conductivity of the skin (galvanic skin response) can provide feedback about the
body’s response to stress. Feedback is provided through measurement of changes
in the conductivity of an almost imperceptible electrical current and conversion
of the electrical signal into visual and auditory feedback.

Skin temperature can also provide valuable feedback. Surface temperature
monitoring does not require electrical signal processing, but it does require
thermometers that can be attached to the skin and very sensitive temperature
gauges.



Restoring Control of Volitional Contraction

Restoring control over isolated, volitional muscle contraction is often an
early goal of rehabilitation, especially after knee injuries and surgeries. If you
examine an injured physically active person the day before arthroscopic knee
surgery, you will probably find that all of the quadriceps muscles contract
strongly during active quadriceps setting and straight leg exercises. Reexamine
the knee the day after surgery, and a decrease in active control of the vastus
medialis is often evident with these activities. The effect is more dramatic after
arthrotomy. Kirnap et al. (2005) reported that EMG biofeedback facilitates the
recovery of quadriceps function after arthroscopic partial meniscectomy.

The response to EMG biofeedback occurs because the affected muscles have
not atrophied. Rather, the patient has lost the ability to contract the muscles fully
because of neural inhibition. As in learning to play golf, precise and immediate
feedback speeds neuromuscular reeducation. Electromyography provides
positive feedback when the appropriate neural pathways are activated,
eliminating much trial and error in this early stage of rehabilitation (figure 9.12).



Figure 9.12 A person performing a quadriceps set with biofeedback.

There are also limited data (Draper and Ballard 1991) suggesting that EMG
biofeedback is as effective or more effective than neuromuscular stimulation in
recovery of quadriceps function after anterior cruciate ligament reconstruction.
Surgical techniques and rehabilitation strategies have advanced since these data
were published. These results, however, suggest that EMG biofeedback, which
may be better tolerated by patients, is a viable treatment option. In cases where
patients cannot generate a muscle contraction despite the use of biofeedback and
their best effort, neuromuscular stimulation (NMES) can be applied to induce a
muscle contraction. Using an electrical current to contract a target muscle
(usually the quadriceps after knee injury or surgery; figure 9.13) generates
afferent input. The object of NMES in these situations is to restart the motor
efferent—proprioceptive feedback loop by inducing muscle contraction. Be
aware, however, that strong electrically stimulated contractions are poorly
tolerated.



Figure 9.13 Neuromuscular stimulation of quadriceps.

Using a stimulus with the phase duration and frequency described in chapter
8, apply a 10 to 15 s “on” time with a 4 to 5 s ramp and a 10 to 15 s “off” time.
Longer recovery between contractions is not necessary because of the
submaximal nature of the muscle contractions; in addition, longer off time
promotes boredom. In 10 min the injured person will experience 20 to 30 muscle
contractions. The person should be encouraged to contract the affected muscle
volitionally during the stimulation. Some people are very timid at first and must
be encouraged to adjust the amplitude of the stimulus during the treatment.
Allowing the person to control the strength of the stimulus reduces apprehension
and makes the treatment more effective.

Once the injured person can contract the affected muscle volitionally, EMG
biofeedback can be used to enhance neuromuscular control. You can use NMES
and EMG biofeedback in a single treatment session depending on how quickly
the person responds to NMES and how much exercise he or she can tolerate.

Neuromuscular inhibition is not limited to postoperative applications. Many
physically active people with patellofemoral pain syndrome also demonstrate
inhibition of the vastus medialis. Yip and Ng (2006) reported somewhat greater
improvements in patients with patellofemoral pain whose exercise program was
supplemented with EMG biofeedback training. Furthermore, many people with
shoulder pain due to glenohumeral impingement, instability, and rotator cuff
lesions fail to properly stabilize the scapula or activate the rotator cuff during
shoulder flexion and abduction. Shoulder pain appears to inhibit neuromuscular
control in these muscles, leading to altered movement patterns, losses in motion,
and greater losses of shoulder function. Electromyographic biofeedback, mirrors
(figure 9.14), and, occasionally, shoulder taping can restore neuromuscular
control throughout the shoulder range of motion.



Figure 9.14 Shoulder hiking with abduction of the arm.




Reflex Responses

Although the application of NMES and EMG biofeedback can be extended
from simple open-chain exercises such as straight leg raises to more complex
movements such as a step-up, the speed of the motion does not mimic that of
normal function. Reflex responses, however, may be impaired due to damage to
the peripheral receptors, pain, or swelling. A program of progressively greater
challenges to reflex responses can improve performance and reduce the rate of
reinjury. For example, balance training on disks and wobble boards has been
reported to decrease the sense of instability in athletes with chronic ankle
instability (Tropp, Ekstrand, and Gillquist 1984), decrease postural sway
(suggesting greater control of balance) (Gauffin, Tropp, and Odendrick 1988;
Mattacola and Lloyd 1997; Bernier and Perrin 1998), and decrease the incidence
of recurrent ankle sprain (Wester et al. 1996; Holme et al. 1999). Mattacola and
Dwyer (2002) identified intermediate and advanced rehabilitative exercises for
the treatment of ankle injuries. Similar exercise progressions have been
suggested in the rehabilitation of the injured knee (Drouin et al. 2003).

Myers and Lephart (2000) described the impairment of proprioception and
neuromuscular control following capsuloligamentous injury at the shoulder.
Several open- and closed-chain exercises directed at enhancing neuromuscular
control over the scapulothoracic are depicted by Paine and Voight (1993). The
importance of identifying and treating deficits in reflex control in the shoulder
complex following injury through a progressive exercise regimen cannot be
overemphasized. Ultimately the exercise program advances to exercises that
integrate controlled motion throughout the kinetic chain, especially in work with
“throwing athletes,” including racket sport players and golfers. McMullen and
Uhl (2000) provided a thorough review of the theoretical basis for and
progression of kinetic chain exercises for shoulder rehabilitation, as well as
several illustrations of specific exercises.

Progression from reflex retraining to sport-specific functional activities is the
final transition in the neuromuscular control progression. At this point the
rehabilitative activities become more sport specific and individualized. Clearly
the demands of sports such as gymnastics and soccer differ markedly. Take, for
example, the rehabilitation of a gymnast and a soccer player following a lateral
ankle sprain. The gymnast might be required to perform on a beam, complete a
floor routine, or “stick” a landing after vaulting or completing a bar routine—all
very demanding tasks. The soccer player, however, might have to play on wet,



slippery surfaces and must redevelop touch with the ball. Knowledge of the
demands of the athlete’s sport is essential in completing the rehabilitation
progression.



Functional Progression

Sport, work, and daily tasks require coordinated, complex motions rather
than isolated control of a single muscle or muscle group. Performing quadriceps
setting and straight leg raises has little carryover to walking, climbing stairs,
running, cutting, and jumping. The rapid, coordinated recruitment of all the
muscles needed to complete relatively complex motor tasks is not generated
through conscious control of each muscle. Rather, complex motor tasks are
executed from a motor pattern.

Again using the golf swing as an example, we can see that many muscles
must contract at precisely the right moment to hit the ball well. If one were to
concentrate on controlling only one muscle, let alone several muscles,
performance of the swing would suffer badly. Yet the accomplished golfer can
consistently hit good shots. Why? The accomplished golfer can execute a
complex movement generated from higher centers and continuously adjust
through afferent feedback. Injury, pain, swelling, and instability inhibit the
execution of the coordinated, complex movement. Thus, rehabilitation cannot
end with restoration of volitional control over muscles or proprioceptive
training. Once the early goals of rehabilitation are met, a functional progression
of increasingly complex tasks must be introduced. Functional or sport-specific
rehabilitation and work hardening are advanced stages of rehabilitation in which
coordinated, complex movements are refined and the stamina and strength
needed to return to sport and work are built.

The treatment of patellofemoral pain syndrome (PFPS) provides an example
of the use of EMG biofeedback in an exercise progression. The initial
assessment of an injured person with PFPS often reveals inhibited recruitment of
the vastus medialis, which is more affected by knee pain and swelling than the
other quadriceps muscles. Selective inhibition of the vastus medialis worsens
PFPS in some people because the imbalance between the forces generated by the
vastus medialis and lateralis results in lateral glide of the patella. This, in turn, is
believed to irritate the patellofemoral joint, resulting in more pain, swelling, and
neuromuscular inhibition and perpetuating the condition.

Early treatment of PFPS should focus on relieving pain and swelling. As
these treatment goals are accomplished, EMG biofeedback during open-chain
exercises such as quadriceps setting and straight leg raises will restore volitional
control over the vastus medialis. Although volitional control in open-chain
activities is an important goal, the lower extremity rarely functions in an open



chain. Thus, the therapeutic exercise program must be progressed to closed-
chain and to work- and sport-specific activities: namely, pattern-generated
movements.

Early restoration of neuromuscular control is most effective when activity is
isolated to a particular muscle or muscle group such as the quadriceps. Open-
chain exercises allow athletes to isolate their effort on a single muscle group and
then proceed to closed-chain exercises in a progressive exercise program. Failure
to establish volitional control in the open chain before beginning closed-chain
exercises often reinforces substitute motor patterns. Some people can perform a
leg press after anterior cruciate ligament reconstruction yet struggle to move an 8
1b (3.5kg) plate in an open-chain 90° to 60° quadriceps contraction because they
substitute gluteal and hamstring force generation for the quadriceps function
they lack. Thus, it is important to assess and retrain volitional control in an open
chain before progressing to more functional, closed-chain movements.

After more complex movements are initiated, EMG biofeedback provides
valuable information about muscle recruitment. If we continue to use PFPS as an
example, once the athlete has gained control over the vastus medialis in the open
chain, EMG biofeedback can be used during activities such as step-ups, lunges,
quarter squats, and balance exercises (figure 9.15). Electromyographic
biofeedback is also useful when you are instructing athletes to use machines for
resistance exercises, including leg extensions and leg presses (figure 9.16), and
for gait training. The EMG biofeedback permits you and the injured person to
monitor the quality of motor recruitment in these more advanced and functional
exercises. Once the appropriate motor pattern has been established, EMG
biofeedback is no longer needed. At this stage more complex balance and
landing tasks should be introduced. As skills are mastered, sport- and work-
specific exercises and drills are initiated in preparation for unrestricted
participation.



Figure 9.15 (a) Biofeedback during step-ups and (b) tubing-resisted kickers.




Figure 9.16 (a) Biofeedback during short arc leg extension and (b) leg press.

Proper execution of exercises is essential for success. Practicing faulty or
substitute motor patterns will ingrain the pattern and slow recovery or even
exacerbate the injury. This process is very important for people who will
complete a home-based or independent exercise program during their
rehabilitation.

The use of EMG biofeedback is not limited to rehabilitation of the lower
extremity. Biofeedback is useful for people with back pain who struggle to gain
control over the abdominal musculature during pelvic tilts, abdominal curls, and
standing pelvic tilts. Ultrasound imaging (USI) is a relatively new technique that
clinicians use to actually visualize the local stabilizing musculature. The
transversus abdominis (TrA) or the lumbar multifidis can easily be visualized
with USI while the patient is taught core strengthening exercises (Partner et al.
2014) For the TrA, the patient is taught to do an abdominal drawing in maneuver
(ADIM) to minimize the contraction of the global movers and to maximize
control of the TrA (figure 9.17). As the patient becomes more proficient with the
ADIM, additional stresses such as an unstable surface or more challenging
exercise can be added.



Figure 9.17 Biofeedback at the abdominal site during ADIM.
- T

Electromyographic biofeedback is useful in treating many types of shoulder
dysfunction. Impingement syndrome, rotator cuff tendinopathy, and
glenohumeral ligament laxity are similar in that tissues in the subacromial space
become inflamed. The resulting pain appears to cause neuromuscular inhibition
of the rotator cuff muscles, especially supraspinatus and to a lesser degree
infraspinatus.

The use of EMG biofeedback during exercises that isolate these rotator cuff
muscles, such as scaption, empty can, and active external rotation, speeds
neuromuscular rehabilitation. An effective method is to use the biofeedback on
the lower trapezius muscle to encourage proper scapular stabilization during the
exercises (figure 9.18). Using a mirror to provide visual feedback enhances the
ability to relearn the appropriate neuromuscular pattern. This technique is
helpful when the injured person demonstrates a “shoulder-hiking” pattern with
glenohumeral abduction. This substitution pattern, which develops to avoid a
painful arc during glenohumeral abduction and flexion, can be difficult to
suppress without visual, and sometimes EMG, biofeedback.



Figure 9.18 Biofeedback during active abduction.

The role of the scapula in shoulder dysfunction has received much attention
in the past 15 years. Many physically active people with impingement syndrome
demonstrate weakness in the scapular stabilizers, especially the middle and
lower trapezius and the serratus anterior. People with myofascial pain patterns
involving the neck and upper back often present with similar dysfunction. Most
of these people also have poor postural awareness. Thus, improved scapular
stabilization is a common treatment goal. Once again, EMG biofeedback can
speed neuromuscular reeducation and recovery. Visual feedback through the use
of mirrors or videotaping can also facilitate recovery of postural and
neuromuscular control.

As with the treatment of knee injuries, EMG biofeedback for the shoulder
can be used as the therapeutic exercise program becomes more work and sport
specific. This is especially true when scapular stabilization is being developed.
Electromyographic biofeedback helps the person relearn how to “set” the
scapula both before and while throwing (figures 9.19a and 9.19b) and lifting.



Figure 9.19 EMG during shoulder complex stabilization exercises: (a)
Stabilization during the cocking phase. (b) Stabilization during arm deceleration.

Gaming devices such as the Nintendo Wii and the Microsoft Kinect can also
be used to promote biofeedback and encourage methods of neuromuscular
function. Specific games can be used in conjunction with traditional balance
exercises to add variety to exercise programs and to challenge the patient to
improve lower extremity stabilization (Sims, et al. 2013).



Learning Relaxation

This chapter is devoted to the topic of restoring neuromuscular control, and
we introduce EMG biofeedback as a part of that process. However, increasing
neuromuscular activity is only one of many possible treatment goals for
biofeedback. Many people who suffer from myofascial pain find that their
symptoms are exacerbated when they are fatigued or under stress. Unfortunately,
many people seem unable to relax. Biofeedback from EMG, galvanic skin
response, heart rate, and skin temperature can be used in relaxation training.

Multiple forms of feedback are often used because people vary in their
responses to stress. Some people experience an increase in neuromuscular
activity in response to stress. Others may experience a galvanic skin response or
a drop in temperature. By identifying thoughts or events that increase stress and
developing strategies to decrease it, physically active people can improve their
ability to relax and break the cycle of stress, pain, and spasm.

These strategies can also be used to help athletes return to competition after
injury. Psychological preparation to return to sport following injury has been
receiving increased attention; physical rehabilitation alone is not enough to
enable a person to return to the environment where the injury occurred.
Biofeedback can help the athlete, and the sports medicine team, to assess the
stress response to returning to competition. Videotape of competition,
biofeedback, and thought stopping can be very effective in managing this stress
response.

Biofeedback and Relaxation

Biofeedback Techniques

e Muscle tension

e Galvanic skin response
e Temperature

e Heart rate

Often, several forms of biofeedback are used simultaneously to identify how
individuals respond to stress and to train them in relaxation.
Relaxation Techniques



Thought stopping

Visual imagery

Breathing exercises

Isolated muscle contraction and relaxation

Specialized preparation in relaxation training is needed to effectively use
these techniques. Do not attempt intervention with these techniques without
appropriate training or with individuals whose psychological or psychiatric
dysfunction is beyond your scope of practice.

Physicians, physical therapists, and athletic trainers typically have not
devoted much attention to the psychological aspects of rehabilitation. Clinical
psychologists and sport psychologists can be invaluable in the management of
persistent pain and the individual’s psychological response, respectively. All
clinicians involved with caring for a patient should recognize the potential value
of stress management and biofeedback in a rehabilitation plan of care.



Summary

This chapter returns to the subject of neuromuscular control in the
rehabilitation plan of care, specifically with electrical stimulation interventions
(NMES and PENS) as well as biofeedback. The electrical stimulation artificially
produces a muscle contraction that can facilitate muscle reeducation, while
biofeedback brings physiological processes to conscious awareness. In the
rehabilitation of musculoskeletal injuries, electromyographic (EMG)
biofeedback can help patients in regaining control over muscle to restore force
production or facilitate relaxation. These interventions for treating impaired
neuromuscular control are reviewed, and specific parameters related to the
treatments are described.

Key Concepts and Review

1. Identify the three components of neuromuscular control.

Neuromuscular control can be divided into three components: (1)
conscious, volitional control over isolated muscle contraction; (2)
protective reflex patterns; and (3) control over complex, functional
movements.

2. Differentiate between neuromuscular control deficits and muscle atrophy as
causes of muscular weakness.

Muscles generate force when motor nerves send impulses to the muscle
fibers they innervate. The more muscle fibers stimulated to contract, the
more force is generated. The cross section of muscles also influences the
amount of force a muscle can generate. When muscle is not used for a
period of time, the cross section diminishes, or atrophies, which is a
relatively slow process. When the ability to recruit muscle fiber contraction
in a coordinated manner is impaired, neuromuscular control has been lost;
this can occur quite rapidly.

3. Discuss the effects of swelling, pain, and altered mechanoreceptor input on
neuromuscular control and arthrogenic muscle inhibition at the knee, ankle,
hip, and shoulder.

Laboratory research and clinical observation reveal that pain, swelling,
and instability that alter mechanoreceptor input can independently impair
neuromuscular control. These elements are often present in the clinical care
of musculoskeletal injuries. Managing pain and reducing swelling set the



stage for recovery of neuromuscular control. Progressive exercise is
important in regaining the ability to generate large, controlled muscle force
rapidly, but neuromuscular electrical stimulation or biofeedback can be
valuable in the care of patients who struggle to make progress.

. Describe the «clinical uses for neuromuscular electrical stimulation,
including Russian stimulation, in the rehabilitation process.

Muscle inhibition is common after an injury or a surgical procedure.
NMES can facilitate muscle contraction and thus help reeducate the muscle.
NMES is most effective when used in combination with active exercise.

. Describe the uses of a galvanic stimulator.

Galvanic current is the same as direct current (DC). This unique current
in physical medicine is a monophasic current with a phase duration of at
least 1 s. It has the highest phase charge or average current of any
stimulator. Its primary uses are for iontophoresis to transcutaneously deliver
medication and for stimulation of denervated muscles. Muscles that have
lost the peripheral nerve can maintain some contractility while the nerve is
regenerating. The stimulation does not promote nerve growth.

. Define biofeedback.

Biofeedback is the use of instrumentation to bring physiological events
to conscious awareness. Electromyographic (EMG) biofeedback permits
awareness of neural recruitment of muscles by transducing the electrical
activity during muscular contractions into audio or visual signals.

. Describe the application of EMG biofeedback in the treatment of impaired
neuromuscular control.

An EMG biofeedback device monitors the electrical activity of muscle
through electrodes applied to the skin. The patient is asked to contract the
targeted muscle, such as the vastus medialis. The biofeedback unit is
adjusted to indicate successful recruitment of the target muscle through
audio or visual feedback. As neuromuscular control improves, greater
recruitment of the target muscle is required to induce positive feedback, and
more complex activities are added to the therapeutic exercise regimen.

. Describe the instrumentation and signal processing related to EMG
biofeedback.

When a raw electrical signal is detected at the electrode, it is conducted
to the electrical circuitry in the EMG biofeedback unit. Within the unit, the
raw EMG signal is filtered, amplified, rectified, integrated, and transduced
into visual and audio output that is proportional to the amount of electrical
activity in the muscle. Filtering removes “noise” from high- and low-
frequency sources. Electrical activity of muscles ranges from 80 to 250 Hz.



10.

Electrical activity below and above this range is filtered before the signal is
processed. Effective signal processing requires that the raw EMG signal be
amplified. Actual electrical activity in muscle falls in the microvolt range.
The signal is amplified into the millivolt range by a signal amplifier. When
a signal is rectified, all deflections from the isoelectric line are made
positive or negative. Signal integration involves sampling the rectified
signal and fitting a curve through the sampled points. This process
essentially smoothes the signal, allowing the area under the curve to be
quantified (integrated). The integrated electrical signal is then used to
power lights, sound, or a signal meter to provide immediate and highly
specific feedback about the amount of electrical activity within the target
muscle.

Describe the use of biofeedback in relaxation training.

Biofeedback can be used to teach relaxation and management of tension
and stress. Biofeedback can be used to make a person aware of muscle
tension (EMG biofeedback), heart rate, sweating, galvanic skin response,
and temperature—areas that reflect the stress response in most people. By
identifying thoughts or events that increase the physiological response to
psychological stress, and strategies to decrease this response, athletes can
improve their ability to relax and break the cycle of stress, pain, and spasm.
Identify contraindications for the application of electrotherapy.

NMES carries all of the contraindications and precautions of TENS
application for pain control. Additionally, NMES should not be applied in
any case where active motion (e.g., early stages of fracture healing) is
contraindicated. Since EMG biofeedback does not conduct energy to the
body, there are no specific contraindications, but EMG biofeedback should
not be used to restore the force-generating capacity of muscle until active
range of motion is indicated.



Part IV
Cold and Superficial Heat Therapies

The application of cold through ice packs, water baths, and other means is
common in the treatment of musculoskeletal injuries. Similarly, the application
of superficial heat also can relieve pain and reduce muscle spasm. In part 1V,
these treatments are described with attention to understanding the physiological
responses and potential for therapeutic benefit. The best available evidence to
guide clinical decisions about the application of cold and superficial heat is
reviewed. Contraindications for treatment and strategies to assure patient safety
are provided in chapter 11.



Chapter 10
Principles of Cold and Superficial Heat



Objectives

After reading this chapter, you will be able to

1. describe the four energy transfer mechanisms used by therapeutic
modalities;

2. describe the thermal changes that occur with local cold and superficial heat
application;

3. discuss the effects of local cooling and superficial heat on blood flow,
muscle, and the nervous system;

4. discuss the evidence on the treatment outcomes of local cold and superficial

heat application;

describe the application of cold in a program of cryokinetics; and

6. describe contrast therapy.

i

In your high school athletic training facility, two different individuals are
referred to you for care. The first is a 17-year-old female volleyball player
(outside hitter) who reports twisting her right ankle about 5 minutes prior. She
ambulates with the assistance of her teammates and reports experiencing pain
(5/10) in the area of the anterior talofibular ligament and calcaneal fibular
ligament. She also presents with mild swelling and edema in the same area. The
remainder of your examination is unremarkable with a negative Ottawa Ankle
examination. The other patient is the department secretary, who is 60 years old
and physically active. She has no significant health complications but is
experiencing neck pain after slipping at the grocery store the day prior. She
presents with pain (4/10) in the bilateral soft tissue areas of C5-T1. She denies
any loss of consciousness or impact to the head during the incident but has
begun to experience mild headaches. She presents with no other signs of trauma
or neurological involvement and you do not suspect any vertebral fracture.

Is cryotherapy or superficial heat indicated in the treatment of either
individual? What physiological effects occur as a result of temperature change in
local tissues? How does energy transfer occur between the various forms of cold
and superficial heat modalities? This chapter examines current evidence of
efficacy for cold and superficial heat.

Cold and superficial heat are probably the most commonly applied
therapeutic modalities. These modalities are those thermal agents that alter tissue



temperature by conducting heat (energy) to or away from the body. The purpose
of altering tissue temperature is to elicit a physiological response leading to an
application effect or treatment outcome. The application of a cold agent
decreases the temperature of the target tissue, such as skin and deeper tissues. It
is worth noting that the decrease in tissue temperature occurs as a result of heat
being removed from the body rather than cold being added. Cold agents are the
only therapeutic modalities that exert a physiological effect based on this
mechanism. In contrast, the application of heat modalities increases target tissue
temperatures. More specifically, superficial heat modalities increase the
temperature of superficial tissues and joints. An increase of temperature in
deeper tissues (including muscle) with superficial heat modalities is limited and
likely has little clinical meaning. Heating of deeper tissues (including muscle
and tendon) is better accomplished with other modalities such as ultrasound and
diathermy; these are discussed in later chapters. This chapter focuses on
modalities that cool tissue or warm superficial tissue.

Despite the simplicity and widespread use of cold and superficial heat, the
evidence of clinical benefit is somewhat limited, and the results of clinical trials
are often contradictory. Therefore it is important for clinicians to establish
desired application effects when selecting modalities. Furthermore, while the
mechanisms that bring about the desired effects appear rationally sound, they
may not be fully elucidated in the literature. Although thermal agents are applied
to help people recover from injury, clinicians must remember they can also cause
injury or harm to the patient. Thus, this chapter presents fundamental concepts of
energy transfer, the physiological responses to thermal modalities, and the
indications and contraindications for cryotherapy and superficial heat. A review
of clinical trials investigating the treatment outcomes of cold and superficial heat
is also provided.



Energy Transfer

Thermal energy can be transferred to or from the body by four mechanisms:
conduction, convection, radiation, and conversion. In addition, these
mechanisms are affected by various principles of physics covered in chapter 1
(inverse square law, cosine law, temperature gradient).

Conduction is the transfer of heat through the direct contact between two
objects, a hotter and a cooler area (Michlovitz 1990). When heat or cold is
applied directly to the skin, the amount of temperature change depends primarily
on the temperature difference between the two surfaces (gradient) and the length
of time the two surfaces are in contact. Surface cooling begins immediately;
however, the deeper the tissue, the longer the cooling process takes. When a
larger surface area is heated or cooled, temperature at the center of the area being
treated changes somewhat more rapidly than when smaller areas are treated.

Convection is the transfer of heat by the movement of air (gas) or liquid
between regions of unequal temperature. For example, a convection oven
circulates heated air around the food that is being cooked. In a therapy clinic, a
whirlpool or a fluidotherapy unit can be used to heat or cool via convection. As
with conduction, the rate and extent of temperature change are determined
primarily by differences in temperature between the medium and the tissue
(gradient), the length of exposure, and the size of the area treated.

Radiation is energy that is emitted from surfaces with temperatures above
absolute zero (Michlovitz 1990); therefore the body emits radiant energy.
However, the body can also absorb radiant energy, and radiant energy can
increase the temperature of superficial tissues. The obvious example of radiation
is sunbathing. At one time infrared or baker’s lamps were commonly used for
superficial heating in athletic training and physical therapy. Although less
common today, these modalities are quite useful for warming large areas. The
amount of heating caused by radiant energy relates primarily to the output of the
infrared bulb, the distance between the bulb and the skin, and the length of
exposure. The relationship between the heating effect and the distance between
the bulb and the skin is stated as the inverse square law (chapter 1).

Conversion implies that energy is changed from one form to another, so this
concept does not relate to the application of cold and superficial heat. However,
it does relate to two modalities discussed later and is included here for
completeness. Ultrasound machines deliver acoustic (sound) energy to tissues
where it is reflected and absorbed. When sound energy is absorbed into the



tissues, it is converted to thermal energy. A similar phenomenon occurs when the
tissues are exposed to continuous electromagnetic energy as with diathermy.
These two modalities increase tissue temperature through the conversion of
energy within the body.



Cryotherapy

Cryotherapy is the application of a cold agent for therapeutic purposes.
When therapeutic exercise is performed during or immediately after cold
application, the combination of cold and exercise is referred to as cryokinetics,
literally cold and motion. Cryotherapy has been used in the treatment of acute
musculoskeletal injuries and during rehabilitation for many years. These
treatments are generally inexpensive and easy to apply. Despite the widespread
use and empirical acceptance of cryotherapy, the extent to which patients benefit
from cold application warrants further investigation. The lack of understanding
and the need for research are reflected in the lack of evidence-based
recommendations for the frequency, length of treatment, and duration (number
of days) of treatment needed to improve the outcomes of care. The lack of
consensus on optimal parameters was noted by Bleakley, McDonough, and
MacAuley (2004). These uncertainties are reflected in this chapter and more
broadly in discussion of the clinical use of cold therapies.

Temperature Decreases and Physiological Responses

Localized cooling results in a number of physiological responses at the
superficial and deeper levels, including changes to blood flow, nerve conduction,
and muscle function. It has been suggested that the extent of cooling, and thus
the physiological responses, is affected by the amount of adipose tissue present
(Lowdon and Moore 1975; Johnson et al. 1979). Adipose tissue acts as an
insulator and prevents the loss of energy from deeper tissues in the presence of
lower surface temperatures. Grant (1964) and McMaster, Little, and Waugh
(1978) suggested the amount of adipose tissue present would influence the time
required for temperature decrease; thinner people require less time for
temperature decrease in comparison to those with more adipose tissue. In
summary, the magnitude of change in surface temperature is not a good indicator
of changes in intramuscular temperature and will vary between patients.

Superficial Tissue Cooling and Rewarming

When an ice pack is applied or a limb is immersed in an ice bath, the
superficial tissues (i.e., skin, afferent sensory fibers, nociceptive fibers) cool
rapidly. After a few minutes, the rate of cooling (temperature gradient) slows and



finally levels off at a few degrees above the temperature of the ice pack or ice
bath (Knight 1995). If a compression wrap is applied over the ice pack, greater
decreases in skin temperature are observed (Knight 1995).

When the cold is removed, a similar pattern of rewarming occurs. There is an
initial rapid rise in temperature (which is of lesser magnitude than the sudden
drop that occurs with cold application), followed by a more gradual return to
preapplication temperature. During this period, the skin temperature can remain
below preapplication levels for over 1 h following 30 min of cold pack
application. More rapid rewarming occurs when cooling is followed by physical
activity (cryokinetics).

Deeper Tissue Cooling and Rewarming

In general, deeper tissues cool more slowly and to a lesser extent than
superficial tissues. Measures of gastrocnemius muscle tissue temperature at a
depth of 2.3 cm revealed slow cooling during a 22 min ice pack application
(Hartviksen 1962). However, temperatures continued to drop for several minutes
following the removal of ice packs in subjects at rest, and cooling plateaued at
approximately 28°C.

The research evidence suggests that changes in intra-articular temperature
follow a pattern similar to that observed in muscle (Haimovici 1982; Oosterveld
et al. 1992). However, there is a greater temperature decrease in the joint than in
the surrounding muscle (Wakin, Porter, and Krusen 1951). When the joint is held
at rest, temperatures continue to drop after cold is removed (Bocobo et al. 1991;
McMaster, Little, and Waugh 1978). Cold water immersion results in greater
cooling of the intra-articular space than an ice pack (Bocobo et al. 1991) because
a greater surface area of the joint is exposed to cold.

After cold application, deep tissues maintained at rest rewarm very slowly,
and the rewarming of muscle and intra-articular spaces has been reported to
exceed 2 1/2 hours (Knight 1995; Knight et al. 1980). The research into
rewarming has implications for applications in various clinical settings. For
example, in the treatment of a person who will remain at rest following knee
surgery, ice can be applied to control pain and swelling. Based on the research
findings, a 20 to 30 min ice pack application will cool tissues, creating the
desired physiological effect, for 2 h or more. In addition, reapplication of cold
during the rewarming period will result in further decreases in tissue
temperatures. This is important when considering contraindications with cold
modalities. Although there are not enough data to recommend a specific
cooling—rewarming ratio, Knight (1995) recommended a rewarming period of at



least twice the cooling period with application of ice directly to the skin. This is
still sound advice.

When the patient is active after cryotherapy, rewarming occurs much more
quickly. Physical activity rapidly increases core body temperature along with
muscle and joint temperatures. Thus, deep tissue temperatures return to normal
much more rapidly when cryotherapy is followed by exercise. Interestingly,
recent data suggest that effective cooling of muscle can occur when someone
walks around with ice applied over the working muscle (Compton et al. 2008).
These results have implications in daily practice because athletes and patients
are often pressed for time and are unable or unwilling to rest during ice
application. Further investigations are needed to establish the efficacy of “to-go”
cold therapy protocols.

Impact on Blood Flow

Localized cooling creates a number of physiological responses, including
decreased blood flow in the skin. The skin is the largest thermoregulatory organ
and is capable of mediating temperature changes by controlling its vascularity.
When the skin is cooled, superficial vasoconstriction occurs primarily through
reflex mechanisms as arteriole sphincters are directly stimulated by the cold. In
addition, a decrease in local histamine and prostaglandin (vasodilators)
contributes to vasoconstriction. Fluid viscosity (thickness of a liquid) also is
increased, resulting in less blood flowing in the local area. Maximum decrease in
local blood flow is reported to occur at approximately 57°F (13.9°C). A point to
keep in mind for later discussion is that constriction or decrease in the diameter
of lymphatic vessels occurs at approximately 59°F (15°C).

Changes in blood flow through deeper tissues occurs due to decreased
metabolic activity. Perfusion is decreased at rest and increased during exercise.
Various researchers have examined whether a local application of ice affects
muscle perfusion, and recent evidence shows that blood flow in a skeletal
muscle is not changed with cryotherapy (Selkow et al. 2012). Therefore, ice may
have a positive effect on pain and other factors, but it would not limit the
delivery of oxygen to the tissues. Hypothetically, if a large area is cooled as with
whole body cooling or cold submersion, there may be deeper vascular changes.
As cooling lowers the metabolic activity and oxygen demand of local cells, less
blood flow is routed to the area.

The cold-induced effects of vasoconstriction, increased fluid viscosity, and
decreased blood flow must be examined within the context of the injury
environment. For example, the combined effects of vasoconstriction and



increased fluid viscosity may be of significance in response to an acute injury
involving blood loss. However, these same effects may not be important when
treating a musculoskeletal injury, as blood loss has already been managed by the
actions of the clotting cascade. In contrast, cooling may slow neutrophil
migration acutely and reduce lymphatic drainage as the acute inflammatory
response subsides.

Impact on Neural Tissue

Cold application affects the nervous system, especially sensory, nociceptive,
and motor nerves. Cooling of nerve fibers slows the conduction of neural
impulses. An example is seen in local numbness that occurs after cold
application. After several minutes of cold application, sensation is diminished
because the impulses of sensory nerves cannot be transmitted from the periphery
to the sensory cortex. When the same mechanism occurs to active nociceptive
nerves, the result is decreased perception of pain, pain modulation. Patients have
described a progression of sensations during cold application. Initially, intense
cold is perceived. This is followed by an aching pain, which gives way to
sensations of pins and needles or warmth and finally numbness. Although not
everyone will experience these sensations, this general description suggests that
cold initially stimulates cold and pain receptors. Nevertheless, the numbness or
analgesia experienced during cryotherapy results in the first goal of
rehabilitation: pain relief.

Muscle function is controlled by motor nerves within the nervous system. In
this section, we will examine muscle spasm and function separately. In addition
to relieving pain and thus breaking the pain—spasm cycle, cold also reduces
muscle spasm by directly affecting the muscle spindle.

When injury occurs, the body responds through reflex contraction of
surrounding muscles. These involuntary contractions or spasms splint the injured
area and prevent further injury. However, spasm occludes blood flow and
exacerbates the pain—spasm cycle. Muscle spindles sense the stretch of a muscle.
The spindles are innervated by gamma efferent fibers, which allow the spindle to
adjust to changes in muscle length. Thus, muscle spindles respond to the
protective spasms during injury by intensifying contractions.

Cold application appears to decrease spasm through direct and reflex
mechanisms. When cooled, the muscle spindles are less sensitive; thus, the
muscle relaxes and spasm is relieved. However, decreases in muscle spasm
begin to occur before the muscle cools significantly, suggesting that a reflex
response to cold also occurs. Certainly, the antispasmotic effects of cryotherapy



are an important consideration when one is selecting a therapeutic modality to
treat musculoskeletal injuries.

A normal component of muscle function is force production. Knight (1995)
summarized the findings of several investigators and concluded that maximum
isometric and isotonic strength and rate of force development are reduced when
the muscle tissue is cooled below 15°C to 18°C. While the mechanism for this
response is not completely understood, it is conceivable that a reduction in
efferent motor nerve conduction and neural impulses and neurotransmitter
signaling may be involved.

Impact on Proprioception and Sensation

Although cooling slows nerve conduction velocity and relieves pain and
muscle spasm, the effects on proprioception, postural stability, and sensation are
less evident. Studies on the effect of cryotherapy on balance, proprioception,
postural stability, and function have presented conflicting conclusions. Ice bath
immersion of the ankle and lower leg appears to temporarily reduce postural
stability and balance (Gerig 1990; Rivers et al. 1995; Steinagel et al. 1996),
while ice pack application to the ankle and knee has been reported not to affect
postural stability and balance (McDonough et al. 1996; Thieme et al. 1996).
Open kinetic chain repositioning is not changed after cold water immersion
(LaRiviere and Osternig 1994; Hopper, Whittington, and Davies 1997). Cold
application (15 min, 10°C ice bath) was not found to affect control of force
production or two-point discrimination in the hand, although pressure sensitivity
was reduced (Rubley et al. 2003). A similar treatment was found not to affect the
haptic system responsible for nonvisual perception, such as when an implement
is held in the hand (West 1998). Cryotherapy applied to the shoulder has been
reported not to affect shoulder joint position sense (Dover and Powers 2004) and
to impair proprioception and throwing accuracy (Wassinger et al. 2007).

There is also conflicting information on the effect of cold on cutaneous
sensation. Cooling of the forearm and hand appears to alter cutaneous sensation
in the fingers and thumb (Provins and Morton 1960; Rubley et al. 2003).
However, cooling of the foot does not affect cutaneous sensation on the plantar
surface. The differences in these findings are probably due to the greater
sensitivity of the hand. Rewarming of the hand appears warranted before
performance of fine motor tasks. Cataldi et al. (2013) examined the sensory
effect of cryotherapy and noted that the maximal cutaneous effect from an ice
bag occurred within less than 15 min of application. Ice massage required the
shortest duration (8 min), while cold immersion took up to 20 min for cutaneous



sensory changes to occur.

Performance of maximal-effort jumping and agility tasks may also be
affected by tissue cooling, although once again the results of studies are
conflicting. Some investigators (Cross, Wilson, and Perrin 1995; Greicar et al.
1996) reported that cold adversely affects jumping and agility, whereas others
(Evans et al. 1996; Shuler et al. 1996) found no performance differences after
cryotherapy.

The previously mentioned research may appear confusing, and you may
question when to apply cold in light of the potential to affect functional
performance. However, when cold is used to treat musculoskeletal injury, these
issues are usually of minimal concern. Persons treated with cryotherapy are
rarely capable of maximal-effort, functional exercise or activity. For the few who
are capable of such exercise but need to apply cold for pain management, a
period of rewarming with safe, rhythmic exercises is advised (Pritchard and
Saliba 2014). One must question, however, whether throwing, jumping, and
agility exercises are appropriate for injured people who need cryotherapy for
pain management.

Cryotherapy and Acute Inflammation

Tissue injury results in an inflammatory response that was discussed in detail
in chapter 4. The acronym PRICE reflects the recommendation for treatment in
response to acute injury. P - protection, R - rest, I - ice, C - compression, and E -
elevation are the five elements of care. Protection through splinting, casting, and
the use of assistive devices such as crutches can lessen pain and the risk of
additional tissue injury. Rest overlaps with protection and implies reducing
activity, especially activity that is pain provoking. Compression and elevation
are introduced to minimize swelling. Why is cold or ice application
recommended?

Ice has been proposed to lessen inflammation, minimize secondary tissue
injury, and relieve pain. First consider the issue of inflammation. As
demonstrated in chapter 4, inflammation is not simply a pain-provoking
physiological response to tissue damage, but it is also the process through which
tissue is repaired. Thus, complete interruption of the inflammatory process
prevents repair. If cold application truly affected the inflammatory process, then
tissue repair and functional recovery would be delayed, rather than facilitated
(Butterfield, Best, and Merrick 2006). Inflammation results in pain. Cold
application can relieve pain, but the application of cold can be painful. The
analgesic response to cold application in patients suffering from acute



musculoskeletal injuries has, to our knowledge, never been truly quantified.
Many reading this book can probably recall a situation when cold application did
relieve the pain associated with an injury but also recall a situation when the
exposure to cold was frankly painful. The foundation for this paradox is
addressed in chapter 5. Some nociceptors are cold sensitive, thus cold
application is pain provoking. However, in the presence of pain resulting from
injury, cold can slow nerve conduction, especially in the pain carrying,
unmyelinated C-afferent fibers. Thus, cold can reduce the conduction of pain
signals reaching the dorsal horn of the spinal cord and ultimately the sensory
cortex.

It has also been proposed that cold decreases secondary tissue injury or cell
death. Knight (1995) suggested that secondary injury is due to hypoxia at a
cellular level. He theorized that during an acute inflammatory response,
disruption of capillaries and congestion due to edema decrease the oxygenation
of healthy cells close to the tissue damage. Hypoxia leads to further cell death.
Thus, after musculoskeletal injury there is a period of additional tissue damage,
or secondary injury, due to hypoxia. Certainly cooling of tissue lowers the
metabolic activity and reduces oxygen demand. When oxygen demand is
reduced through cooling, cells can survive a period of hypoxia. Because more
cells survive, there is less total tissue damage, a more rapid resolution of the
signs and symptoms of acute inflammation, and a more rapid recovery.

Despite our limited understanding of secondary cell death and tissue repair
processes, the application of cold is a widely accepted and practiced treatment
(Merrick 2002, 2003). Some may view the issue of secondary tissue injury and
cell death as academic, having little clinical relevance. However, given that the
clinician cannot influence primary tissue injury (cell death occurring
immediately after trauma) and that no intervention has been proven to speed
tissue repair, further investigation into the phenomenon of secondary tissue
injury and the influence of cryotherapy on neutrophil and macrophage activity is
clearly needed. A better understanding of these issues may identify the most
effective use of cold applications. Further investigation may also lead to
additional therapeutic adjuncts that the health care provider can use to help
injured patients.

Cryotherapy and Therapeutic Exercises
Knight (1995) described the application of cold before or during exercise and

coined the term cryokinetics (“cold and motion”). Cryokinetics involves cold
application, usually consisting of cold water immersion, cold whirlpool, or ice



massage, and active exercise. Cold is applied until analgesia is achieved (10-15
min). Once the painful area is numbed, a careful progression of exercises is
initiated. When the numbing effects of the cold wear off, cold is reapplied.
Several repetitions of cold application and exercise can be performed.

Cryokinetics can speed functional recovery. Loss of function is a
consequence of pain and swelling. The loss of function is the result of increased
"tone" or spasm in muscle and a loss of the ability to recruit muscle to generate
force. The increase in tone and loss of force generation through volitional
muscle contraction occur in reciprocal muscle groups. For example, following a
knee injury, an increase in tone or spasm of hamstring muscles and a loss of the
ability to contract the quadriceps will occur. Similarly, low back pain is
associated with spasm of the paraspinal (extensor) muscles and inhibition of
transversus abdominis and multifidus. Cold application can break the cycle of
pain and muscle spasm before therapeutic exercise. As discussed in chapter 9,
the loss of the ability to recruit muscle to generate force is termed arthrogenic
muscle inhibition (AMI). While more is known about AMI involving the knee
and quadriceps muscle, pain and swelling at the hip and ankle have also been
studied. Cryotherapy can disinhibit the quadriceps in those with knee swelling
and likely can facilitate functional improvement in patients with knee pain
and/or arthritis as well as conditions affecting the ankle, hip, and other joints
(Rice, McNair, and Dalbeth 2009; Hopkins et al. 2002).

Sound clinical judgment must be used in initiating cryokinetics. With
relatively minor injuries, such as a grade I lateral ankle sprain with injury
isolated to the anterior talofibular ligament, cryokinetics can be initiated 1 to 2
days after injury. Activities such as walking and jogging do not stress the
ligament. Thus, the injured person can return to activity when his or her function
allows, provided that the ankle is protected from forced inversion. However, if
the ankle injury is more severe and involves, for example, injury to the
syndesmosis (articulation between the distal tibia and fibula), walking and
jogging must be delayed until the damaged ligaments heal. These activities
greatly stress the syndesmotic ligaments and would delay healing and result in
an unstable ankle.

In general, cold decreases sensation and relieves pain but does not provide
anesthesia. If exercise during cryotherapy is painful, it should be discontinued.
You can reapply the cold and resume exercises after numbness has returned, or
you can end the exercise session. Likewise, if the injured person becomes too
aggressive with a therapeutic regimen, pain, spasm, and swelling will increase
the following day, and rehabilitation will be slowed for 1 to 3 days while the
newly inflamed tissue recovers. Two good rules in any rehabilitation exercise



program are as follows: (1) pain that alters normal movement patterns indicates
that the person is not ready to perform the exercise, and (2) the person should be
able to do tomorrow what was done today. Clinical experience will refine your
ability to judge the appropriateness of an exercise for each individual, but these
rules are commonsense guidelines for the progression of therapeutic exercise,
especially cryokinetics.

Cryotherapy in the Treatment of Persistent Pain

Cryotherapy may also be effective in managing some persistent pain
problems. For individuals with myofascial pain syndrome, characterized by very
sensitive trigger points, cryotherapy offers a safe, cost-effective home treatment.
Travel and Simons (1983) described the use of ethyl chloride spray and stretch in
treating myofascial pain. Ice massage using brief stroking can produce similar
responses. Brief, intense cold to sensitive points may decrease pain by
stimulating descending spinal pathways described in chapter 5. A more
prolonged ice massage decreases the sensitivity of free nerve endings and slows
the conduction velocity of afferent fibers. The numbing effect of the ice breaks
local pain—spasm cycles, relieving the symptoms of myofascial pain.
Cryokinetics may also be useful in the management of myofascial pain and, as
noted, patients suffering AMI. Therapeutic exercises to restore motion, improve
posture, and reestablish pain-free, functional movement patterns are often better
tolerated after cryotherapy.

Cold is not indicated in the treatment of all persistent pain problems.
Complex regional pain syndrome may be exacerbated by cryotherapy; the
intense stimulus of the cold can result in excruciating pain and worsen the
problem.

Does Cold Application Improve Treatment Outcomes?

In chapter 3, issues of treatment outcome and evidence-based practice were
introduced. This chapter has introduced application techniques, reviewed why
cold is used in clinical practice, and discussed an evolving theoretical basis for
therapeutic cold application. Despite the widespread use of cold as a therapeutic
agent for many years, the effectiveness of treatment needs to be assessed. Does
cold application speed or enhance recovery from injury or surgery? And how
strong is the evidence? Interestingly, the number of published reports that
provide evidence for the effects of cold application is not large. Belanger (2002)



listed fewer than 15 references to clinical trials involving cold application for
musculoskeletal conditions (ankle sprain and knee surgery) of interest here.

Bleakley, McDonough, and MacAuley (2004) completed a systematic review
of randomized controlled trials related to cold therapy. Their summary suggests
that cryotherapy is better than superficial heating or contrast in the treatment of
acute ankle injuries. Treatment with cryotherapy is reported to increase range of
motion and reach distance in subacute ankle sprain, but a single application of
ice and compression is unlikely to be of benefit. In contrast, cold following
arthroscopic knee procedures, combined with exercise, was reported to reduce
pain and facilitate weight bearing when compared to performing exercise alone.
There was, however, little evidence to support cold therapy after anterior
cruciate ligament reconstruction.

Van den Bekerom et al. (2012) focused on the recommendation for rest, ice,
compression, and elevation (RICE) in the treatment of acute ankle sprains in
adults. Their conclusions were no more compelling than those of Bleakley,
McDonough, and MacAuley (2004). van den Bekerom wrote “Insufficient
evidence is available from randomized controlled trials to determine the relative
effectiveness of RICE therapy for acute ankle sprains in adults. Treatment
decisions must be made on an individual basis, carefully weighing the relative
benefits and risks of each option, and must be based on expert opinions and
national guidelines."

The reviews by Bleakley et al. and van den Bekerom incorporated research
conducted over many years. In examining some of this work, Daniel, Stone, and
Arendt (1994) reported no benefit of cold wrap adjusted to as low as 45°F (7°C)
on pain, medication use, or other outcome measures after arthroscopically
assisted anterior cruciate ligament reconstruction. Dervin, Taylor, and Keene
(1998); Edwards, Rimmer, and Keene (1996); and Konrath et al. (1996) reported
similar results using a continuous flow of cool water through Cryocuff cooling
pads and ice packs. Ohkoshi et al. (1999); Cohn, Draeger, and Jackson (1989);
and Barber, McGuire, and Click (1998) reported, however, that cooling reduced
reports of pain and analgesic use after surgery. Lessard et al. (1997) reported
similar findings after arthroscopic knee surgery. These conflicting findings
highlight concerns over the insulating effects of postoperative dressings and the
need for investigators to be very specific when describing treatment protocols.

Cold application may be of benefit in some patients preoperatively. Mora et
al. (2002) reported that pulsatile cold/compression applications decreased
swelling in patients awaiting surgical management of displaced ankle fractures
when compared to patients treated solely with splinting and bed rest. There is
also agreement (Levy and Marmar 1993; Leutz and Harris 1995) that cold



therapy lessens blood loss after total knee arthroplasty, but these groups of
investigators differed about whether any additional benefits are realized with
cold application. Levy and Marmar found small differences in pain report and
medication use in patients receiving cold therapy, while Leutz and Harris
reported no additional benefit. Hubbard, Aronson, and Denegar (2004)
completed a systematic review of the effects of cold treatments on return to work
or sport. The focus on functional return yielded only four clinical trials. They
concluded that cryotherapy may promote more rapid functional recovery and
return to participation. The magnitude of effect of cold application could not be
estimated from the data retrieved. Sloan, Hain, and Pownall (1989) reported that
immediate cold therapy patients treated in an emergency department with
compression and nonsteroidal anti-inflammatory medication plus early cold
application were not significantly better at 7-day follow-up than those treated
with medication and compression only. Thus, repeated applications are likely
needed to achieve the more rapid return to work and sport identified by Hubbard,
Aronson, and Denegar, but an optimal treatment protocol has not been
established.

These reviews of treatment outcomes demonstrate the need for additional
study. Many clinicians routinely apply cold therapy or other modalities based on
what they were taught and the practice habits they have developed. At this time
we conclude that when patients are free of contraindications, cold can be safely
applied. It is likely to reduce pain, it may influence secondary tissue injury, and
it may speed recovery after ankle sprains and knee surgery. The evidence for
expedited recovery, however, is not compelling.



Superficial Heat

Superficial heat is the application of heat energy to the body for therapeutic
purposes. Superficial heat is commonly used in the treatment of musculoskeletal
injuries during rehabilitation to decrease pain and muscle spasm. As with
cryotherapy, despite their being empirically accepted, the extent to which
patients benefit from superficial heat modalities warrants further investigation.
This lack of understanding is reflected in the limited availability of evidence-
based recommendations for treatment applications that will improve the
outcomes of care. These uncertainties are reflected in this chapter and more
broadly in current discussions about the clinical use of superficial heat therapies.
The rest of this chapter addresses physiological effects and evidence of the
effectiveness of superficial heat.

Temperature Increases and Physiological Responses

As previously mentioned, adipose tissue (fatty layer of tissue beneath the
dermis) insulates the deeper tissues; therefore, modalities that heat the skin are
classified as superficial heating modalities. Much as with cold, the primary
clinical benefits of superficial heat are pain control and relief of muscle spasm.
However, the mechanisms responsible for these physiological responses are not
well understood.

These modalities can increase intra-articular temperature but have little or no
effect on the temperature of deeper tissues such as muscle (Draper et al. 1998;
Holcomb 2003). Therefore, cellular metabolism or muscle blood flow in deeper
tissues is also minimally affected. Despite the limited effects on deep tissue
temperature, superficial heat modalities are commonly used to attain a number of
physiological responses at the superficial levels, including changes to blood
flow, neurological tissue, and muscle function.

Depth of Tissue Heating

Superficial heating increases the skin temperature several degrees. The intra-
articular temperature of superficial and small joints such as the knee (Oosterveld
et al. 1992; Oosterveld and Rasker 1994) and interphalangeals can be increased
to therapeutically beneficial levels. The temperature of deeper tissues such as
large muscles and deep joints (e.g., hip) rises insignificantly. Draper et al. (1998)



reported a 3.8°C temperature rise at 1 cm depth but only a 0.74°C rise at 3 cm
after a 15 min hot pack application. Holcomb (2003) reported no change in
temperature at 3.75 cm at the same hot pack temperature and application time
used by Draper. Thus superficial heat placed over the hamstrings or the
glenohumeral joint of a muscular person will not raise the temperature of those
tissues enough to have a therapeutic benefit.

Impact on Blood Flow

Superficial heating increases blood flow in local tissues by means of
different mechanisms: vasodilation of capillaries and decreased fluid viscosity.
In the superficial tissues, the increase in blood flow occurs mainly through reflex
mechanisms as smooth muscles in arteries relax in response to the increased
temperature. A spinal-level reflex that increases the release of bradykinin (a
vasodilator) adds to the increased blood flow. There is also an increase in
permeability of the local tissues (including lymphatic vessels). Fluid viscosity
(the thickness of a liquid) is decreased, resulting in greater blood flow in the
local area. The maximum increase in local blood flow is reported to occur up to
60 minutes after application.

As with cryotherapy, the induced effects of capillary dilation and decreased
fluid viscosity in superficial tissues must be examined within the context of the
tissue environment. For example, the combined effects of vasodilation and
decreased fluid viscosity may be detrimental during the acute inflammatory
response to injury. However, these same effects may permit a greater ease of
motion in patients with arthritis.

Impact on Neural Tissue

The physical sensation of the superficial heat modality as it is applied to the
body, such as a heat pack placed on the gastrocnemius, activates larger-diameter
(A-beta) neural fibers. A sustained activation of these fibers may result in pain
modulation via the ascending pain modulation model, the gate response.
However, this response is not unique to superficial heat modalities; therefore it is
unlikely that the complete pain modulation response occurs through the gating
mechanism.

The sensation of heat is carried by small-diameter neural fibers (A-delta and
C fibers). Thus it is possible that a descending pain modulation mechanism is
involved. Input into the central nervous system via small-diameter afferent fibers
may stimulate descending pain control mechanisms. Clinical observation



suggests that this theory may have merit. Superficial heat applied for 20 to 30
min often has a calming, sedating effect.

Others have suggested the analgesia experienced with superficial heat may
be the result of a decrease in “congestion,” thereby lessening mechanical
pressure on nociceptive fibers as well as “washing out” neurochemicals
responsible for nociceptive activation. Nevertheless, the mechanisms behind the
calming, analgesic effects of superficial heat are not well understood; however,
the answers may lie in the advances in neuroscience described in chapter 6.

The mechanism behind the antispasmodic effect of superficial heating is
equally speculative. One explanation is that by relieving pain, superficial heating
breaks the pain—spasm cycle. However, other factors may be involved. When
heat is applied, the sensitivity of muscle spindles decreases, even though the
temperature of the spindle is not affected. Thus, superficial heating may alter
muscle spindle activity through a spinal reflex mechanism. Although
speculative, this is the best explanation for the decrease in spindle sensitivity and
the relief of spasm associated with superficial heating.

Impact on Proprioception and Sensation

It is suggested that the increase in temperature results in an increased nerve
conduction velocity in sensory and motor fibers. However, this is not sufficiently
supported in the literature; furthermore, what significance this may have in the
management of injured tissues is not completely understood.

Other physiological responses are associated with tissue heating, including
increased metabolic activity, increased circulation, increased inflammation,
increased tissue elasticity and decreased viscosity, and sweating. Although these
responses occur in the dermis, deeper tissues are much less affected because of
the insulating effects of adipose tissue. Except in superficial joint structures,
superficial heating does not alter deeper tissues. Thus, superficial heating does
little to the metabolism or blood flow of deeper damaged tissues.

With regard to neuromuscular effects, superficial heat applied to the knee
joint did not improve activation of the quadriceps in patients with AMI (Warner
et al. 2013), nor did the application of menthol (Huffman et al. 2010). Muscle
strength and function are generally not affected by the application of superficial
heat. A better method to “warm up” the muscles would be to do light, repetitive
exercise. Pedaling a stationary bike or using an upper body ergometer or other
device would be a more effective way to increase the temperature and prepare
the body for specific exercise.

In general, superficial heat relieves pain and decreases muscle spasms.



Clinicians should follow the same two rules (as suggested with cryotherapy) in
any rehabilitation exercise program: (1) pain that alters normal movement
patterns indicates that the person is not ready to perform the exercise, and (2) the
person should be able to do tomorrow what was done today. Clinical experience
will refine the clinician’s ability to judge the appropriateness of integrating a
superficial heat modality into the rehabilitation program.

Does Superficial Heat Improve Treatment Outcomes?

The literature on the outcomes of treatment with superficial heat, like that on
cold therapy, is limited. What is available, however, suggests that superficial
heat does have a clinically useful analgesic effect. French et al. (2006) concluded
that “There is moderate evidence in a small number of trials that heat wrap
therapy provides a small short-term reduction in pain and disability in a
population with a mix of acute and sub-acute low-back pain, and that the
addition of exercise further reduces pain and improves function.” Nadler et al.
(2002) reported that continuous heat wrap application was more effective in
reducing pain than oral administration of acetaminophen or ibuprofen. Akin et
al. (2001) found similar treatment as effective as ibuprofen in the treatment of
dysmenorrhea. Nadler et al. (2003a, 2003b) reported on two trials of continuous
heat wrap in the treatment of acute low back pain. In both trials the heat wrap
was more effective than placebo medication or oral ibuprofen. Superficial heat
applied for 20 min has also been reported to reduce the sensitivity of active
myofascial trigger points. Robinson et al. (2002) concluded that superficial moist
heat can be used as palliative therapy in the treatment of rheumatoid arthritis.

On the basis of the available literature we can conclude that long-duration (8
h), low-level heat can be recommended in the management of acute low back
pain, and that shorter-duration moist heat can be used clinically to reduce
myofascial pain as part of a more comprehensive treatment session. More
investigation is needed to examine the effect of the use of superficial heat on
recovery from other musculoskeletal conditions. When it is used safely,
however, the clinician can expect that 20 or more minutes of superficial heat will
reduce pain and thus likely stiffness in patients with musculoskeletal injuries and
arthritic conditions.



Contrast Therapy

Several physiological effects have been proposed to explain the benefits of
contrast therapy. Many have suggested that contrast therapy results in cycles of
vasodilation and vasoconstriction, thus creating a “pumping action” to reduce
swelling or “wash out” local chemical mediators. However, tissue temperatures
are not affected by contrast treatments (Myrer, Draper, and Durrant 1994; Myrer
et al. 1997; Higgins and Kaminski 1998). The brief exposure to cold and the fact
that superficial heating has minimal effect on deep blood flow suggest that there
is little vascular response to contrast therapy.

Even though there is no good explanation for the effects of contrast therapy,
this approach has been used to treat some physically active people. For example,
contrast therapy may be effective in reducing edema in subacute foot and ankle
injuries. When swelling limits range of motion several days after injury, contrast
therapy along with active range of motion appears to reduce swelling. The sharp
sensory contrast between heat and cold appears to reduce pain and therefore
muscle spasm. Models of descending influence over dorsal horn processing of
nociceptive input certainly offer a plausible explanation for the analgesic
response to contrast. A decrease in pain and spasm, combined with active, pain-
free range of motion, would in turn increase lymphatic drainage from the area
and decrease swelling.

As with many therapies, there has been little investigation of the
effectiveness of contrast treatments. Cote et al. (1988) reported that swelling
increased in sprained ankles after contrast therapy administered over 3 days after
acute lateral ankle sprain. Certainly, these results suggest that contrast therapy
should not be administered early in the plan of care. Kuligowski et al. (1998),
however, found that contrast or cold therapy had more effect on pain and loss of
motion associated with delayed onset muscle soreness than superficial heat.
Further investigation is needed on this treatment approach to identify if and
when it should be applied.

A Word on Counterirritants

The subject of counterirritants (analgesic balm) designed for superficial
application does not fit with any specific chapter on therapeutic modalities.
Although the topical application of some of these agents results in a sensation of



cooling or heating (often implied in the product name), topical counterirritants
do not result in clinically meaningful changes in tissue temperature (decrease or
increase).

The lack of a thermal response does not mean, however, that these agents are
clinically useless. The chemical stimulation of cutaneous sensory receptors will
alter sensory input into the dorsal horn of the spinal column. The pain
modulation theories presented in chapter 6 offer some explanation for the
soothing, analgesic benefits of counterirritants. The rubbing required for
application and the stimulating effects of the counterirritant will increase large-
diameter afferent input. Thus, the stimulation of large-diameter first-order
afferent nerves offers a plausible explanation for a favorable response to topical
counterirritants. Some topical products contain salicylates or nonsteroidal anti-
inflammatory medications. Mason et al. (2004) concluded that products
containing salicylates may reduce acute pain but have lesser effects on chronic
pain. Topically applied NSAIDs, ketoprofen in particular, also appear to be safe
and effective in reducing pain (Mason et al. 2004).



Summary

This chapter is devoted to the use of cold and superficial heat in the
treatment of musculoskeletal injuries. The physiological and therapeutic
response to treatment with cold is discussed with emphasis on effectiveness of
treatment. The common applications and safety concerns related to cold and
superficial heat are presented in chapter 11. This chapter introduced and briefly
discussed contrast (heat and cold) treatments and topical counterirritants.

Key Concepts and Review

1. Describe the four energy transfer mechanisms used by therapeutic
modalities.

Thermal energy can be transferred to or from the body by four
mechanisms: conduction, convection, radiation, and conversion.
Conduction involves direct contact between a warm and a cool surface.
Convection is heating or cooling through the movement of air or a liquid.
Radiation involves exposure of a surface to radiant energy, such as lying in
the sun or under a heat lamp. Conversion involves converting one form of
energy, such as ultrasound, to thermal energy.

2. Describe the thermal changes that occur with local cold and superficial heat
application.

Cold application cools the skin and deeper tissues. Cooling of the skin
occurs more rapidly than cooling of deeper tissues, and the skin is cooled to
lower temperatures than the deeper tissues. However, a 20 min cold pack
application will decrease muscle temperature approximately 7°F (4°C) at a
depth of over 2 cm. Superficial heat increases the temperature of the skin.
Due to the insulating effects of adipose tissues, the superficial joint
structures are the only deep tissues that are heated to a clinically significant
degree.

3. Discuss the effects of local cooling and superficial heat on blood flow,
muscle, and the nervous system.

Superficial heat increases cutaneous blood flow. However, because
blood flow to deeper tissues such as muscle is regulated by metabolic
demand rather than temperature, superficial heating has little effect on
blood flow in deeper tissues. Therapeutic cold causes vasoconstriction in
cutaneous and deep tissues. Both therapeutic cold and superficial heat can



decrease muscle spasm. Therapeutic cold decreases the temperature of
muscle spindles, relieving muscle spasm. Superficial heat has a similar
effect; however, because superficial heating does not raise deep tissue
temperature, the decrease in muscle spindle activity is thought to occur
through reflex mechanisms. A 15 to 20 min application of cold will
decrease nerve conduction velocity. Because the rate at which impulses are
carried by small-diameter primary afferent nerves is slowed, fewer pain
messages reach the central nervous system and less pain is perceived.
Superficial heat stimulates thermal receptors, from which increased input
may trigger descending analgesic mechanisms mediated by the release of
beta endorphin.

. Discuss the evidence on the treatment outcomes of local cold and
superficial heat application.

Although the use of cold and/or superficial heat with musculoskeletal
injury management is empirically accepted, the effectiveness of such
practices remains to be demonstrated. At present there is limited evidence
for beneficial effects on tissue healing and ultimate treatment outcomes, and
it warrants further critique for quality and strength.

. Describe the application of cold in a program of cryokinetics.

Cryokinetics is a treatment technique that combines cold application
and active exercise. Cold is used to decrease pain and muscle spasm and
allow for pain-free therapeutic exercise.

. Describe contrast therapy.

Contrast therapy involves alternating therapeutic cold and superficial
heating modalities. This technique is most commonly used to treat the foot,
leg, and ankle by alternating immersion in a warm and a cold whirlpool or
water bath.



Chapter 11

Clinical Applications of Cold and Superficial
Heat



Objectives

After reading this chapter, you will be able to

1. describe the common methods and parameters of applying therapeutic cold
and superficial heat;

2. discuss the indications for cold application and the impact of cooling on

arthrogenic muscle inhibition and acute inflammation;

describe the contraindications to cold application;

4. discuss the indications for superficial heat application and the impact of

heating on arthrogenic muscle inhibition and tissue elasticity;

describe the contraindications to superficial heat; and

6. describe the application of cold in a program of cryokinetics.

w

i

A 43-year-old club hockey player is referred to your care for treatment of an
acute recurrence of low back pain. The player states that he twisted his back
when he collided with two opponents in a game early this morning. He
experienced immediate pain and chose not to continue playing because there
were only a few minutes left in the game. He was evaluated by his personal
physician because he began experiencing increased pain and muscle spasm while
at work. He was provided with analgesic medications and referred for treatment
of “mechanical low back pain.”

On presentation he is in obvious discomfort but states that the pain is well
localized to the mid-lumbar spine. He denies radicular symptoms or significant
medical problems except for one previous episode of back pain that he
experienced while cutting wood last year. He received treatment on three
occasions consisting of superficial heat, manual therapies, and therapeutic
exercise, and his back pain resolved within 2 weeks.

You determine that relieving pain and muscle spasm is the first priority.
Which modality is the best choice? Are any treatments contraindicated? Which
treatments will facilitate completion of therapeutic exercises at home? This
chapter addresses the application of cryotherapy and superficial heat as
therapeutic modalities.

The decision to include cold and superficial heat modalities in the treatment
plan should follow the same evaluative process as for all therapeutic modalities:



Indications for use

Application outcomes
Contraindications

Form of modality (mode of delivery)
Application parameters (settings)

Chapter 10 describes general physiological responses to cold and superficial
heat. In this chapter, we will discuss specific indications for when thermal
modalities would be beneficial, along with expected application outcomes and
contraindications. There are many devices available for delivering therapeutic
cold and superficial heat. Their manuals contain instructions on how to use them.
Here we wish to stimulate your thoughts about which modes of application will
most benefit your patients and which application parameters are supported in the
literature.



Cryotherapy

The main reason cold is applied in clinical practice is pain relief. Although
repeated applications of cold may affect secondary tissue injury (introduced in
chapter 5), much more study is needed before we can fully understand this
phenomenon and determine if the effects are beneficial or ultimately delay tissue
repair. Cryotherapy is a simple, portable, and inexpensive means of relieving
pain and muscle spasm after musculoskeletal injury. Cryotherapy can be used to
manage pain during the acute inflammatory response, to allow for pain-free
therapeutic exercise, and to manage some persistent pain patterns, particularly
myofascial pain syndrome.

Applying Cold After a Musculoskeletal Injury

Multiple acronyms reflect evolving concepts about the initial care of acute
musculoskeletal injuries. RICE refers to Rest, Ice, Compression, and Elevation;
PRICE to Protection, Rest, Ice, Compression, and Elevation; and POLICE
(Bleakley, Glasgow, and MacAuley 2012) to Protection, Optimal Loading, Ice,
Compression, and Elevation. What do these recipes for care mean? The notion of
protecting injured tissue from further damage and managing pain by limiting use
of the injured tissue (rest) are intuitive. The innate response to injury causes us
to guard, protect, and limit the use of injured tissues. The application of ice (or
cold) in response to injury is not innate but has become engrained in care
recommendations. There has been little study, however, of the effectiveness of
cryotherapy. Despite a culture in which ice application is central to conventional
care recommendations, the magnitude of pain relief achieved during and after
treatment has not been quantified in acutely injured patients. There is also little
evidence to suggest that a quicker recovery is facilitated by the use of cold. This
should not be construed to suggest cryotherapy is ineffective, but it is rather a
reminder that clinicians should evaluate the expected effects and the role cold
application plays in the rehabilitation program. Considerably more investigation
is needed to identify the optimal effects and purposes for cold application.

Limiting and Managing Swelling

Compression and elevation may limit the extent to which swelling may



develop. Compression opposes arteriole hydrostatic pressure or the force
pushing plasma out of the circulation (capillaries). However, effective levels of
compression increase pressure around mechanical and polymodal free nerve
endings and may increase pain. Elevation decreases arteriole and capillary
hydrostatic pressure and opposes the development of swelling. Since no external
pressure is involved, elevation may be the most comfortable position for the
injured body region. Unfortunately, the benefits of elevation are reversed when
the injured limb is lowered.

Rest Versus Loading for Injured Tissues

Optimal loading seems counter to the recommendations for protection and
rest. In concept, optimal loading does not exceed the ability of tissue to resist
force and therefore does not cause additional damage or increase pain. It is now
better understood that mechanical signaling can promote repair by up-regulating
anabolic cell pathways and promoting appropriate stem/progenitor cell
differentiation (see chapter 16). In theory, optimal loading is necessary to
facilitate tissue repair without increasing pain.

Pain Modulation

After considering what is known and not known about tissue repair processes
and the effects of cryotherapy following acute injury, is cold application
indicated? Although we cannot precisely quantify the amount required for pain
relief, the analgesic effect of cold modalities is empirically accepted. The
benefits of the analgesic response should be focused on the goal(s) set for the
individual application—for example, while in my care, the patient will
experience decreased pain and muscle spasm. Depending on the nature of the
injury and the stage of tissue healing, pain relief may be the only (if not the most
important) treatment goal for that session. Among the practitioner’s many skills,
the ability to relieve discomfort and pain is paramount, even if the relief is
transient.

Clinical experience suggests that cold application can alleviate pain
associated with musculoskeletal injury. It appears that the more severe the
reported pain, the greater the extent of relief experienced. At first, relief may



come from stimulation of the periaqueductal gray (PAG) mediated analgesic
mechanisms. Over several minutes the conduction velocity of thinly myelinated
and unmyelinated nerves (A-delta and C) slows, reducing nociceptive
information being directed toward the sensory cortex. The clinician should also
consider the origins of the nociceptive signals; pain originating from deeper
tissues may require longer applications of cold as well as a modality that can
maintain an effective temperature gradient.

Clinicians have often used commercial cold water circulating units after
surgery (e.g., Cryo/Cuff, Aircast Inc., Summit, NJ; Game Ready, Concord, CA).
Although the cuff is applied over the surgical dressing, these devices have been
reported by some investigators to relieve pain (Ohkoshi et al. 1999) and to
decrease the use of pain medication (Ohkoshi et al. 1999; Barber, McGuire, and
Click 1998). Because there is less tissue cooling, the unit can be applied for an
extended period of time. However, further study is needed to substantiate these
reports and compare the costs to the benefits of these cooling units.

Treating AMI

Swelling as a result of musculoskeletal injury, surgery, or arthritis has been
associated with marked weakness and muscle atrophy. Swelling results in
inhibition of motor neuron pools and prevents the person from fully activating a
muscle. Pain is a foundational component of the inflammatory response to soft
tissue trauma; Knight (1995) described the association of pain with lack of
function. The resulting muscle spasm (guarding) serves to protect the area from
further loading and trauma, but it also contributes to dysfunction or a lack of
function. In addition, swelling forms in the interstitial and intra-articular spaces
following the actions of inflammatory mediators. Together, these events create
an environment of dysfunction that hinders or delays the remaining processes of
tissue repair.

This stagnant environment presents a dilemma to tissue movement (resolving
swelling), motor control, and strength gains, as the patient cannot recruit from a
complete motor neuron pool. In addition, arthrogenic muscle inhibition (AMI)
has been linked to early onset of joint osteoarthritis (Freeman, Mascia, and
McGill 2013). Restoring movement has been linked to increased structural
strength and stiffness of ligaments, increased collagen synthesis in tendons, and
increased proteoglycan content in articular cartilage. As the healing process
progresses to resolving swelling or restoring range of motion and strength, the
ability to create movement of local tissues is integral to engaging the lymphatic
system and capillary exchange.



AMI has been observed extensively with injury to the knee and ankle joints
(Hopkins et al. 2002; Kuenze, Hertel, and Hart 2013; Pietrosimone et al. 2010;
Rice, McNair, and Dalbeth 2009; Palmieri et al. 2004; Sedory et al. 2007).
Experts describe AMI as a presynaptic, ongoing reflex inhibition of musculature
surrounding a joint after distension or damage to that joint (Hopkins et al. 2002;
Stokes and Young 1984; Young, Stokes, and Iles 1987). It is worth mentioning
that, in studies of AMI, researchers have used a joint effusion model that does
not produce pain, thereby attributing inhibitory effects to distention of the joint
capsule. It is postulated that an excitation of mechanoreceptors in the involved
joint capsule results in stimulation of Ib inhibitory interneurons; this inhibition is
reflected by a decrease of available motor neurons within the muscle pool.
Conversely, Doeringer, Hoch, and Krause (2009) state that an overfacilitation in
motor neuron excitability could result in a constraint of the muscles surrounding
the joint, thereby decreasing the freedom typically experienced by the joint and
diminishing functional capabilities.

Cryotherapy has been shown to negate or diminish the affects of AMI at the
knee and ankle. Two mechanisms have been said to result in the disinhibitory
effect: a decrease in nerve conduction velocity and stimulation of Ia
interneurons. First, local cooling with ice packs has been shown to decrease
intra-articular temperature; Oosterveld et al. (1992; Oosterveld and Rasker 1994)
described a decrease of 9.4°C after a 30 min application of ice. The change in
temperature is attributed to decreasing the nerve conduction velocity and
slowing the discharge rate of the aberrant mechanoreceptor excitation. This
results in less information delivered to the spinal cord and a decreased
stimulation of Ib inhibitory interneurons, hence disinhibition. Second, it is
suggested that cold stimulates cutaneous receptors (mechanoreceptors and
thermoreceptors) that may play a role in facilitating the motor neuron pool. The
stimulated quick-adapting mechanoreceptors excite Ia interneurons, resulting in
excitation of the motor neuron pool, which counteracts inhibition mediated by
the Ib interneurons. It is also suggested that supraspinal centers are involved
with the diminished inhibition observed with cold application, as the effects have
been monitored to continue for 30 to 45 min after removal of the cold modality
(Hopkins et al. 2002).

While the exact mechanism of AMI may not be completely understood, the
beneficial influence of cold modality is apparent. These findings suggest the
inclusion of local cold application in those patients who demonstrate swelling
and muscle weakness or dysfunction. These effects are transient, and the long-
term benefits of cryotherapy on AMI have not been demonstrated. As with using
cold to modulate pain, benefits of the disinhibitory response should be focused



on the goal(s) set for the individual application—for example, the patient will be
able to perform volitional contractions that will assist with swelling reduction or
restoring range of motion. Depending on the nature of the injury and the stage of
tissue healing, not all patients with swelling will develop AMI.

Performance Enhancement and Recovery

Cryotherapy is often used to facilitate recovery from exercise, and coaches
often suggest that cold immersion can be used to prevent soreness and fatigue,
particularly in the lower extremities. Cold tanks are being installed in many
athletic facilities to permit the use of this popular recovery modality. The science
of cold immersion for recovery is still lacking, however. Several researchers
have measured various factors, including vertical jump height (power), sprint
times, and performance on an exhaustive exercise test to determine the effect of
cryotherapy on subsequent physical tests (Rupp et al. 2012; Versey, Halson, and
Dawson 2013). Most research has not shown that a single cold immersion
treatment affects repeated performance better than controls. However, when
looking at physiological factors such as inflammatory blood markers and even
heart rate, there may be beneficial factors in using cold. More research is needed
to determine the parameters associated with cold immersion and whether
repeated treatments would have a cumulative effect on performance.

Cautions and Contraindications

A deleterious effect of cold modalities on the tissue healing process may be
of concern. In chapter 4, we learned the inflammatory response is synonymous
with tissue healing; acute inflammatory responses (i.e., vasodilation, chemical
mediators, leukocyte infiltration) create a physiological environment for the
eventual repair of damaged tissue and structures. While these physiological
responses do not occur as individualized stages, they do build upon each other
and establish a continuum of events. In chapter 10, we discussed the
physiological effects of cold modalities: decreased cellular metabolism and
activity, vasoconstriction, increased fluid viscosity. One can assume that the use
of cryotherapy during the acute inflammatory response would interrupt the
continuum, thereby impeding or halting the healing process. For example, cold-
induced vasoconstriction and decreased membrane permeability reduce
chemotactic signaling of neutrophil chemotactic factor (NCF) as well as
diapedesis of neutrophils; this results in diminished attraction of macrophages



and subsequent fibroblasts and hence deficient production of collagen tissue.
This adverse effect of cold is theoretical, however, and at present there is no data
supporting this paradigm.

Concerns may be alleviated by reviewing the clinical applications of cold.
Current data and literature indicate that the physiological effects of cold are
transient; changes remain for a limited time between 15 and 45 min after
application. In addition, cold modalities are applied for a limited amount of time
(e.g., 20 min) as well as inconsistently throughout the course of the day. Perhaps
this mechanism may act to moderate the inflammatory response rather than
retard it. Nevertheless, this speculation warrants further investigation into both
the beneficial and detrimental contributions of cryotherapy.

Cold should not be applied in the presence of conditions worsened by
treatment (Brown and Hahn 2009; Mailler-Savage and Mutasim 2008). Some
medical conditions result in significant adverse reactions and contraindicate the
application of cold (table 11.1). The most common condition in this category is
vasospastic disorders, of which Raynaud’s phenomenon is the most common.
Raynaud’s phenomenon is characterized by cold-induced constriction of arteries
and arterioles in an extremity, most commonly the fingers, toes, and nose. The
restriction in blood flow results in a blue, gray, or purplish discoloration of the
skin accompanied by burning or tingling sensations or numbness. Raynaud’s
phenomenon is most common in women and usually develops during the early
teen years. The symptoms and signs are transient; however, many people with
Raynaud’s phenomenon experience such discomfort that cold cannot be applied
long enough to have a beneficial effect. Thus, cryotherapy is contraindicated.



Table 11.1  Indications, Contraindications, and Precautions for Cold

Indications Contraindications

Relieve pain Raynaud's phenomeanon Application over superficial
nerves

Control swelling and protect Cold wrticaria Diminished sensation
injured tissues (when com-
bined with rest, elevation, and

comprassion)

Decrease muscle spasm Cryoglobulinemia Poor local circulation
Paroxysmal cold hemoglo- Slow-healing wounds
binuria Medically unstable

Cold application is also very likely to worsen pain in patients suffering
CRPS, complex regional pain syndrome (discussed in chapter 6). A clinician
should also question the advisability of cold application in patients who report
more, rather than less pain with treatment. There is no evidence that withholding
cold negatively affects repair or recovery from injury. Some patients might
obtain greater relief from modalities such as transcutaneous electrical nerve
stimulation (TENS) or prescription medications. The lack of compelling
evidence for the effectiveness of cold suggests that the patient’s preferences
should weigh heavily in the plan of care. Certainly, those who do not find relief
with cold are unlikely to self-administer treatment even when advised to do so.

Cold urticaria, an allergic reaction to cold exposure, also contraindicates
cryotherapy. When cold is applied to someone susceptible to cold urticaria, an
anaphylactic reaction occurs. Hives break out in the cooler area and are
accompanied by intense itching. Failure to recognize the problem and
discontinue the cryotherapy could result in a more systemic reaction and could
affect respiration and consciousness.

Cold-induced hemoglobinuria (urticarial cold hemoglobinuria) and
cryoglobulinemia are two rare conditions that also contraindicate cryotherapy.
Hemoglobinuria occurs when the rate of red blood cell breakdown exceeds the
rate at which hemoglobin combines with other proteins. The excess hemoglobin
is excreted in the urine. The condition is characterized by darkened urine and
back pain. Cryoglobulinemia is a condition in which an abnormal clumping of
plasma proteins (cryoglobulins) is stimulated by cold application. The symptoms
include skin discoloration and dyspnea. These conditions may occur in
conjunction with Raynaud’s phenomenon or cold urticaria. Although these
conditions are rare, you must keep them in mind. Initially cryotherapy is
uncomfortable, but most people accommodate and tolerate it well. Be certain
that discomfort during cryotherapy is not associated with any of these
conditions.

Some other situations warrant caution. Some large nerves emerge from deep



tissue and pass just below the skin and adipose tissue layers; because there is less
tissue to insulate the nerve, it can be injured by cold or pressure during ice pack
application. These injuries, referred to as cold-induced nerve palsy, are
preventable. For example, the ulnar nerve as it passes through the ulnar groove
and the peroneal nerve as it passes through the posterior lateral aspect of the
knee are most susceptible. The lateral femoral cutaneous nerve can also be
injured by cold applied in the area of the femoral triangle. Prolonged cold
application (as little as 20 min) can damage these structures, leading to a loss of
sensory and motor function. Protect these nerves by applying a dry cloth over the
nerve, and limit cold application in the area to 20 to 30 min.

Special caution is also warranted when using cryotherapy to treat people who
are frail, are suffering from significant medical problems, have slow-healing
wounds, or have diminished circulation or sensation. The first law of
therapeutics is “Do no harm.” Thus, if you are uncertain about the safety of any
modality, do not administer the treatment.

Mode of Delivery

Common forms of cold modalities used in the clinical setting include ice
packs, whirlpools, garments and pumps, ice massage, and vapocoolant sprays.
Access to the various forms is often dictated by the financial capability and
resources of the particular setting, but the principles of energy transfer apply to
all application modes.

Following acute injury, cold is most commonly applied by placing crushed
ice in a bag. Cold water immersion (e.g., whirlpool) can be used to cool an
extremity, such as the foot and ankle, while allowing for simultaneous
therapeutic exercise (cryokinetics). Immersion of more surface area becomes
increasingly uncomfortable. Ice massage offers an alternative that cools tissue
and permits rapid initiation of exercise when sufficient response (numbness) is
reported. The use of vapocoolant spray is only indicated for rapid relief of
relatively minor injuries such as contusions.

Ice Pack

Ice packs can be created in several ways. The simplest and most common ice
pack consists of crushed or cubed ice in a plastic bag or waterproof reusable
pouch (figure 11.1). Crushed ice is often preferred because it conforms to the
body more readily than cubed ice. An individual ice pack effectively cools a



focal or localized area; multiple packs must be used to affect larger body parts.
This is an inexpensive treatment that can be combined with compression and
elevation of the injured part. If the injury involves an extremity, the bag can be
secured over the injured area with a velcro strap, elastic bandage, or plastic film
(e.g., Flexiwrap, Cramer). If the patient is suffering from low back, thoracic, or
neck pain, it may be easier to lay the bag of ice directly on the body surface.
Cooling with an ice pack is improved with the use of crushed ice and an elastic
bandage applied over the ice pack (Knight 1995).



Figure 11.1 Application of an ice pack.

A couple of variations on the standard ice pack are worth mentioning: “wet
ice” and “towel packs.” Various researchers have described the concept and
effectiveness of wet ice, in which crushed ice is combined with water. This
approach allows for better heat exchange by maximizing the properties of phase
change (from solid to liquid) of the ice. At present, there is no recommendation
for an exact wet ice protocol, but Dykstra et al. (2009) described effective gains
using 2,000 mL of crushed ice with 300 mL of room temperature water. Towel
packs consist of ice placed directly onto a dry towel, which is then folded to
form an envelope surrounding the ice. Again, no exact recipe is available, but
testimony by clinicians and patients reveal a favorable response to the comfort
and conformability of the pack.

Commercial cold packs are also commonly used, but they do present varying
concerns. The construction of some commercial cold packs does not allow them
to conform well to the body. In addition, commercial cold packs stored in a
freezer may be considerably colder than crushed ice, which is about 32°F (0°C).
Because of the greater temperature difference between a commercial cold pack
and the skin, cooling is more rapid and may result in frostbite. An insulating
layer of plastic or cloth is recommended between commercial cold packs and the
skin in order to prevent frostbite. However, available data suggest the properties
of the insulating layer should be considered because it affects heat exchange
(Tsang et al. 1997; Tsang and Truglio 2012). Conversely, commercial cold packs
that are used often throughout the day may not present with the same
temperature properties later in the day.

Cold Water Immersion



Cold water immersion and cold whirlpools are used to administer
cryotherapy to cool tissues by convection (figure 11.2). Whirlpool units
generally consist of a stainless steel tub (available in varying sizes) and a
motorized turbine that circulates water within the tub. Water temperature is
controlled by the amount of ice added to the tap water; this should be monitored
throughout the day, as the temperature will rise as the whirlpool is used and as
the ice melts. Immersion in 4 to 10°C (40-50°F) water or in a 10 to 15°C (50—
60°F) whirlpool will cool tissue as well as an ice pack will (Pritchard and Saliba
2014), but cold immersion keeps the temperature lower for a longer period of
time. Warmer water can be used in a whirlpool because the movement of the
water continually breaks down the thermopane, the boundary layer of water
around the body part that is warmer than the cold bath (figure 11.3). Loss of the
thermopane allows tissues to cool more rapidly. This application method offers a
couple of advantages, including treatment of a larger body segment or multiple
joints and the integration of cryokinetics with active exercise during the cooling
process. Cold water immersion is also commonly used after intense exercise or
competition in an attempt to minimize the effects of exercise-induced muscle
damage and to facilitate recovery; these efforts have not been substantiated in
the research literature but are common in clinical practice.



Figure 11.2 Cold water immersion/cold whirlpool.




Figure 11.3 The foot immersed in cold water. The skin warms the surrounding

water, forming a thermopane on the boundary layer, which is warmer than the
cold bath.
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A common trend observed with modern facilities is the use of a walk-in pool
for cryotherapy/cryokinetic treatment. These units are often Jacuzzi tubs or
exercise pools that have been reconfigured with a refrigerant unit. This method
offers a few additional advantages over standard whirlpools: large capacity for
simultaneous treatment of multiple patients, active movements of multiple body
segments, and minimal maintenance. In addition, the commercial refrigerant
feature allows for ease in establishing and maintaining an optimal treatment
temperature and gradient without the need to continually add ice.

Garments and Pumps

Cold water circulating units (figure 11.4), also called cryocuffs (a term
derived from the trade name Cryo/Cuff), are similar to ice packs in that a cold
surface is placed on or near the skin through preformed garments that are shaped
to general anatomical segments, such as ankle, shank, and shoulder. Garments
permit the treatment of a larger area than that achieved with an ice pack. Cold
water is circulated through the garment, either gravity feed or with a mechanical
pump. Standard units incorporate a chamber where ice is added to chill the water
before circulation through the garment; advanced devices use a refrigerant unit
to cool the water. Elevation of the extremity is more easily achieved with units
that operate with a mechanical pump in comparison to gravity feed units. Some
current models also offer the feature of added compression. Although less tissue
cooling is achieved with this method when compared to direct application of an



ice pack, tissue temperature does reach therapeutic levels (Tsang and Trulio
2012). A beneficial feature of these units is their application under the elastic
wraps, dressings, and splints that are often applied postoperatively. The cold
water circulating unit may lessen postoperative pain and the need for analgesic
medications. These devices have also been reported to lessen blood loss
following total knee arthroplasty (knee replacement surgery) (Levy and Marmar
1993; Leutz and Harris 1995). The cold water circulating unit provides hours of
mild cooling without the need to remove braces and wraps and without the mess
of ice packs.



Figure 11.4 Cold water circulating unit.
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Ice Massage

Ice massage is perhaps the most inexpensive form of cryotherapy (figure
11.5); water is frozen in a paper or foam cup, which is then used to cool and
massage the skin. Reusable cup forms with handles are also available, making
the application process even easier, although the melting ice does create a little
bit of a mess. Ice massage is incompatible with elevation or compression and
treats a very limited tissue area. However, ice massage has been reported to
reduce pain before therapeutic exercise and may relieve postexercise discomfort.
This technique can also be used to desensitize trigger points in people who have
myofascial pain syndrome, and it is easily incorporated with home-based
treatment.
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ure 11.5 Ice massage.

Vapocoolant Sprays

One more method of cold application warrants brief mention, vapocoolant or
“cold sprays.” These devices generally consist of a volatile liquid, such as ethyl
chloride, fluorohydrocarbon, or alkane mixtures (butane, propane, and pentane)
that evaporate upon being dispensed. When applied to the skin, the rapid
evaporation produces a decrease in tissue temperature that is very superficial and
localized (figure 11.6). There is virtually no temperature change below the
epidermis; however, overspraying may cause frostbite of the superficial tissue.
Vapocoolant sprays may temporarily interrupt ascending neural signaling
(nociception and sensation) through the desensitization of receptors or the
activation of ion channels. The anesthetic effect is brief but may be effective in
the management of tender trigger points associated with myofascial pain
syndrome (Travel and Simons 1983).



Figure 11.6 Vapocoolant spray.

Application Parameters

A summary of the literature on the physiological effects of cold reveals a
target tissue temperature range of 13 to 15°C (55-60°F). Regardless of the mode
of application (excluding vapocoolant sprays), all cold modalities will have to
possess a similar temperature, such as a whirlpool circulating 13°C water. In
addition, the ability of the modality to maintain the operational temperature will
optimize heat transfer and tissue cooling. Certain application modes may be
more desirable and efficient than others (for example, whirlpool versus multiple
ice packs), especially in the treatment of multiple patients or in a large treatment
area.

Treatment Time

Empirical evidence reveals most cold modalities are commonly applied for
15 to 20 min. This recommended time period appears to stem from earlier
concerns about cold-induced vasodilation, more commonly known as the
“hunting response” or “Lewis reaction” (Lewis, 1930). Lewis (1930) described
the process of alternating vasoconstriction and vasodilation in extremities when



exposed to cold. This was seen to occur within 10 to 20 min of exposure
(dependent on the mode of exposure); therefore, to avoid the pro-inflammatory
effect, clinicians adopted the limited treatment time. With advancements in
technology, Knight et al. (1980) were able to reexamine this environment and
found that the local vasodilation only lessened initial vasoconstriction; therefore
net vasoconstriction remained.

Some have suggested that cold applied at intervals of 10 min is more
effective than a sustained 20 min application (Bleakley et al. 2006). While there
is no other literature that substantiates or contradicts the standard application
time period, a recommendation may come from a practical viewpoint. As the
cold modality is applied, the patient should be evaluated for the desired
physiological response, such as pain relief. Regardless of how much time has
elapsed, if the application goal has been attained, the application may be ended
and the patient progressed to the next exercise or treatment. Further investigation
into the effects of treatment applications of varying durations is needed to
improve the efficiency of cold modalities.

Cryokinetics

Pain, swelling, and joint instability alter the ability to coordinate movement.
The link between pain and muscle spasm (aka a pain—spasm cycle) is well
recognized. Muscle spasm represents facilitation in motor activity. Patients
experiencing low back pain, for example, often have palpable spasm of the
paraspinal muscles. Cold may reduce muscle spasm by lessening the sensitivity
of muscle spindles and thus allow for greater active motion. Increasingly the
benefits of pain-free motion as well as the deleterious effects of rest following
injury have been recognized. Not only is mechanical loading vital to tissue repair
as previously discussed, limiting activity may promote AMI. Sound clinical
judgment, however, must be used in initiating cryokinetics.

When treating an acute musculoskeletal injury, the clinician must be aware
of the potential to further damage tissue and exacerbate symptoms with overly
aggressive movement and tissue loading. With relatively minor injuries, such as
a grade I lateral ankle sprain with injury isolated to the anterior talofibular
ligament, cryokinetics can be initiated 1 to 2 days after injury. Activities such as
walking and jogging do not stress the injured ligament. Thus, the injured person
can return to daily activities when his or her function allows, provided that the
ankle is protected from forced inversion. However, if the ankle injury is more
severe and involves, for example, injury to the syndesmosis (articulation
between the distal tibia and fibula), walking and jogging must be delayed until



greater repair of the damaged ligaments permits pain-free, functional movement.

In general, cold decreases sensation and relieves pain but does not provide
anesthesia. If exercise during cryotherapy is painful, it should be discontinued.
Cold can be reapplied before resuming exercises after analgesia has returned.
Clinical judgment is needed to know when it is best to end the exercise session.
Pain managed by cryokinetics requires operational definition. In the context of
cryokinetics, pain should be thought of as reported discomfort or discomfort that
alters normal, functional movement patterns. Some patients may report little or
no discomfort but may demonstrate a limp or other aberrant movement.
Practiced aberrant movements likely foster, rather than reverse, AMI.
Additionally, if the injured person becomes too aggressive with a therapeutic
regimen, pain, spasm, and swelling may increase. An increase in symptoms on
the day following therapeutic exercise slows the rate of recovery. It may take 1
to 3 days to manage the symptoms that are the source of the AMI the treatment
was intended to reverse. Two good rules in any rehabilitation exercise program
are as follows: (1) pain that alters normal movement patterns indicates that the
person is not ready to perform the exercise, and (2) the person should be able to
do tomorrow what was done today. Clinical experience will refine the clinician’s
ability to judge the appropriateness of an exercise for each person, but these
rules are commonsense guidelines for the progression of therapeutic exercise,
especially cryokinetics.
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This clip demonstrates the use of cryokinetics for an ankle sprain.



Superficial Heat

Superficial heat is soothing; most people have found relief of sore muscles
and joints in a hot shower, hot tub, or application of a heating pad. However,
when is it appropriate to recommend the application of superficial heat in the
treatment of musculoskeletal injury? Returning to the concepts that formed
recommendations for treatment with cold, the use of superficial heat should be
goal directed and do no harm. Superficial heat can be used during the latter
stages of the inflammatory response to relieve pain and muscle spasm or
tightness before therapeutic exercise. In addition, heating permits passive or
active range of motion exercises that increase lymphatic drainage and reduce
swelling. Superficial heat can also be used to treat restrictions in superficial
joints.

Applying Superficial Heat After a Musculoskeletal Injury

As described in chapter 10, superficial heating increases blood flow in local
tissues via vasodilation, increased membrane permeability of capillaries, and
decreased fluid viscosity. During the acute response to injury, these
physiological events are already in process due to the mechanisms of
inflammation. Application of superficial heat during this stage would only serve
to magnify the proinflammatory response and exacerbate pain and swelling. In
addition, an increase in local cellular metabolism rate (nutrient demand and
waste production) would further strain the injured tissue environment and
contribute to secondary injury. Hence, the use of superficial heat is not advisable
in patients who are experiencing physiological responses of acute inflammation.

Pain Modulation

Superficial heat alleviates pain, likely through the activation of pathways
descending from the raphe nucleus to the dorsal horn of the spinal column. The
magnitude of pain relief following superficial heat application has received
limited attention. Denegar et al. (2010) reported slightly greater pain relief with
circulating superficial heat (22% on average) or a heating pad in comparison to
cold application (15%) in patients with knee osteoarthritis. Data from the same
investigation revealed that superficial heat was preferred by twice as many
patients as cold application; however, patients who preferred cold experienced



more relief (33% reduction in pain). These data highlight the importance of
patient preference in forming recommendations for care.

Muscle Spasms

Superficial heat has also been shown to reduce muscle tightness. Lewis et al.
(2012) observed reduced paraspinal muscle activity in patients with low back
pain following the application of a heat wrap. Interestingly, the application of
superficial heat has little impact on the temperature of muscle, and thus the
relaxation of muscle is likely due to the inhibition of pain, which in turn
decreases activity in gamma motor pathways.

Again, the context of the complete injury environment must be considered in
choosing to use superficial heat to decrease muscle spasms. Take, for example,
muscle spasms that have developed as a result of dehydration. Applying
superficial heat would transiently reduce muscle spasms and provide relief but at
the same time would compound heat stress and the complications of electrolyte
and fluid loss. Muscle spasms would undoubtedly return, probably in greater
magnitude.

Tissue Elasticity

Limitations in range of motion may develop following musculoskeletal
injury as a result of changes in the properties of ligaments, joint capsules, and
tendons. Heat modalities increase the temperature of local tissues, but only for 3
to 5 min post application (Draper and Ricard 1995). Concomitant heating and
loading (stretching) of these tissues have been demonstrated to restore functional
range of motion. The joints of the hand, wrist, foot, and ankle respond best to
superficial heat because there is little adipose tissue over these joints. However,
ultrasound and diathermy result in a more vigorous heating and are the
modalities of choice for heating tissue before mobilization and stretching.
Knight et al. (2001) reported that the application of superficial heat did not
enhance the effect of stretching of the plantar flexor muscles, while a 7 min
ultrasound treatment was an effective adjunct.

Treating AMI

The effects of superficial heat application on AMI have not been extensively
examined, and consequently the treatment is scarcely practiced in the clinical



environment. Warner et al. (2013) reported a lack of effect on the quadriceps
central activation ratio and knee extension torque. In this study, a moist heat
pack was applied to the knee joint in patients with a history of knee injury or
surgery and experiencing AMI. Most other studies on this topic use healthy
participants who undergo an effusion protocol to induce an AMI response.

Regardless of methodology, the application of superficial heat to treat AMI
appears counterintuitive. Inhibition demonstrated with AMI is caused by the
excitation of mechanoreceptors in the involved joint capsule, resulting in
stimulation of Ib inhibitory interneurons; this inhibition decreases the available
motor neurons within the muscle pool. Superficial heat increases the conduction
velocity and decreases the depolarization threshold of neural tissues; the
increased temperature would only add to the volley of ascending neural
signaling, thereby reinforcing inhibition. In addition, an overfacilitation in motor
neuron excitability could result in a constraint of the muscles surrounding the
joint, thereby diminishing functional capabilities (Doeringer, Hoch, and Krause
2009). This analysis, while theoretical, illustrates our limited understanding of
AMI and reinforces the need for further investigations; given the strength of the
available evidence, the application of cold or TENS is recommended in treating
AMI. Further exploration of the management of AMI, especially in pathological
patients, such as those with osteoarthritis, is warranted.

In summary, when the goal of treatment is the relief of pain and muscle
tension, the application of superficial heat is a viable option. When properly
administered (see “Cautions and Contraindications™), superficial heat is safe and
often preferred by patients. Prolonged application through products such as
Thermacare 8 Hours Heatwraps (Pfizer Consumer Healthcare, Kings Mountain,
NC) has been reported to improve function (Tao and Bernacki 2005) and sleep
quality (Nadler et al. 2003). These products are safe and warrant consideration
when aching pain affects sleep or daily function.

Cautions and Contraindications

Clinical experiences, the limited research data available, and communication
with the patient form the basis of decisions about the application of superficial
heat. However, an acute inflammatory state is considered a contraindication to
heating. The consequences of heating too soon after acute injury are largely
unknown, but clinical observation suggests that in patients reporting higher
levels of pain, heat will further exacerbate symptoms. During the initial response
to injury, heating does not accelerate tissue healing; instead it exaggerates the
inflammatory response, thereby hindering the healing processes. Superficial



heating does result in increases of intra-articular temperature and skin
temperature as well as small increases in muscle tissue temperature. Even small
increases in blood flow will likely increase hydrostatic pressure and thus may
increase swelling. Since the goal of heat application is primarily pain
management, and other modalities and strategies for pain management are
available, heat is not recommended as an alternative to cold in acute
management.

Burns

Unlike the situation with cold, there are no rare complications associated
with superficial heat (table 11.2). This does not imply, however, that superficial
heat is completely safe. In fact, burns from superficial heating are far more
common than cold-induced injuries. Burns, the primary risk of superficial
heating, can be prevented by providing adequate insulation around moist heat
packs, controlling whirlpool and fluidotherapy temperatures, and screening out
individuals at risk for burns due to loss of sensation or circulatory problems. In
addition, caution is needed when anyone lies on a moist heat pack because heat
cannot escape, and it builds up more rapidly than it would otherwise. Extra
insulation with toweling is needed if the injured person is to lie on the heat pack.
Clear instructions are needed to prevent injury caused by superficial heating
modalities during self-administered treatment.



Table 11.2  Indications, Contraindications, and Precautions for Superficial Heat

Superficial haafing in i Decreased pain Diminished sensation Medically unstabée
anaral | Dacmased muscle spasm Poor local cireulation Coronary hsar
] disease
MODALITY SPECIFIC
Whirlpool j Heat very superficial joint capsules I Open wounds
Fluidotharapy Heal vary superficial joint capsules
Paraffin i Heal vary superficial joint capsules | Dpen wounds

Cardiovascular Stress

Heat also stresses the cardiovascular system. The heat stress from a
superficial heat application combined with a warm, humid environment can be
lethal for someone with coronary artery disease or multiple medical problems.
These problems are not equally encountered in all health care settings. It is
important for the clinician to be ever mindful that modalities routinely used with
young, healthy people are not safe for everyone.

Mode of Delivery

Moist heat packs and warm whirlpools are the most commonly applied
superficial heating modalities. Other forms—paraffin baths, heat lamps, and
fluidotherapy—are also classified as superficial heating devices. The mode used
to apply superficial heat varies by region of the body being treated, location of
treatment, and intended purpose. As with cold modalities, the principles of
energy transfer must be considered regardless of which application mode is
selected.

Moist Heat Pack

The most common form of superficial heating is a moist heat pack, usually a
hydrocollator pack (figure 11.7); other forms include microwave safe heating
packs and electric heating pads. Moist (hydrocollator) packs are convenient in
clinical care, as the packs can be reheated often throughout the day; these heat
packs are filled with a gel that retains heat. These packs are placed into a
hydrocollator tank, a water tank equipped with a heating element that heats and
maintains water at 76.6°C (170°F).



Figure 11.7 A hydrocollator pack application.
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This clip demonstrates proper clinical application of a hydrocollator pack.

At the elevated temperature, direct contact could burn the skin; therefore a
barrier should be used to wrap the pack (terry cloth covers or layered cotton
towels). When using heat packs with patients who are at risk for skin injury (i.e.,
those with circulatory compromise) and in circumstances when a person lies on a
hot pack, be certain to provide sufficient insulation. However, incorporating a
barrier will decrease energy exchange, and therefore treatment time may need to
be adjusted.

Superficial heating at home is more commonly done with packs that can be
heated in a microwave oven or with an electric pad. Burns can occur with any
form of superficial heating, but special caution is advised with electric heating
pads. The devices do not cool over time when in use, posing greater risk with
prolonged exposure such as when a patient falls asleep during treatment.

> ]

This clip demonstrates proper at-home application of a heating pad.

Warm Water Immersion

Warm water whirlpools are another common form of superficial heat (figure
11.8); they achieve heat exchange via convection. Whirlpools permit heating



around an entire limb or joint. They also allow for active or passive motion
during heating. The motion of the water subtly massages the tissue, which may
add to the analgesic and antispasmotic effects of superficial heating. The same
whirlpool units used for cold water immersion can be used for warm water
immersion. Whirlpool units consist of a stainless steel tub (available in varying
sizes) and a motorized turbine that circulates water within the tub. Water
temperature is controlled by the amount of hot tap water used to fill the tub.
These units are not equipped with a heating element; therefore water temperature
will drop rapidly and must be adjusted throughout the day.



Figure 11.8 Whirlpool immersion.
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The temperature of the water must be maintained at a therapeutic level but
also within a safe range. Water that is too hot can scald the skin; therefore
whirlpool temperatures should never exceed 46°C (115°F). Treatment in a
whirlpool also stresses the body’s ability to dissipate heat and can result in
hyperthermia and heat illness. The larger the portion of the body immersed in the
whirlpool, the greater the heat stress. Table 11.3 provides reasonable guidelines
for maximum whirlpool temperatures for various areas of the body. If the
whirlpool is located in a poorly ventilated area, greater caution is advised. The
whirlpool should be visible from all areas of the treatment facility, and no one
should use a whirlpool unsupervised. Use extra caution when treating people
who are prone to heat illness or who have medical conditions that compromise
the body’s ability to withstand hot, humid environments.



Table 11.3 Maximum Whirlpool Temperature

by Body Part*
Wrist and hand 112 44 .4
Foot and ankle 110 43.3
Elbow 108 42.2
Knee 106 411
Thigh 104 40.0

*Assuming well-ventilated whirlpool area and absence of medical condi-
tions that require precaution in warm, humid environments.

However, thermal injury is not the only concern associated with whirlpool
use; bacteria thrive in warm, moist environments. Whirlpools should be
thoroughly cleaned and disinfected after each use. In facilities where many
people are treated, the whirlpool may not be properly cleaned between uses.
Under these circumstances, identify people with open wounds and take extra
precautions to prevent the spread of infections.

Jacuzzi or hot tubs are commonly installed in modern facilities for
superficial heat treatment. These units were originally designed to operate with
heated water; therefore the only reconfiguration is to the shape and size of the
units. The same configuration has been applied to walk-in exercise pools. These
units offer additional advantages over standard whirlpools, including their large
capacity for simultaneous treatment of multiple patients and active movements
of multiple body segments. In addition, the built-in heating element allows for
ease in establishing and maintaining optimal treatment temperature and gradient
without the need to continually add more hot tap water.

Paraffin

Paraffin baths are filled with seven parts paraffin wax and one part mineral
oil heated to 51.6 to 52.7°C (125-127°F). Due to the lower specific heat of wax
compared to water, higher temperatures are used than with whirlpool baths.
Paraffin uses conduction to exchange heat energy and is most commonly applied
in treating the hand and wrist, as it conforms around the fingers and hand to heat



uniformly. Before application, the body area should be washed to minimize
surface dirt and oils. Application protocol consists of dipping the body part into
the paraffin (figure 11.9), then removing it until the wax hardens. This procedure
is repeated four or five times until there is a thick layer of warm wax around the
treated area. A plastic bag or oven mitt is placed over the treated area; the plastic
bag allows you to remove the wax at the end of treatment without making a
mess, but the oven mitt holds heat longer. Generally the paraffin is left on for 20
to 30 min. Paraffin has limited applications and is not readily available in many
settings, but it is valuable in treating hand pain and loss of hand function.
Paraffin cannot be used if there is an open wound, and it should be used with
caution if the person has sensory or vascular compromise in the area to be
treated.



Figure 11.9 A paraffin bath.
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Heat Lamps

Heat lamps were once commonly used to provide superficial heat. Because
of cost and convenience, heat lamps have been replaced by moist heat packs. A
heat lamp positioned over a moist towel will increase the temperature of the
skin. The amount of heating is dependent on the strength of the bulb and the
distance between the lamp and the towel (inverse square law). The heat lamp
provides the same benefits as a moist heat pack. However, each lamp can be
used on only one person at a time, whereas many people can be treated
simultaneously with inexpensive moist heat packs.

Fluidized Therapy

Fluidized therapy has been referred to as a dry warm whirlpool (figure
11.10). A fluidized therapy unit contains ground cellulose material that can be
heated to 48.8 to 51.6°C (120-125°F) and then circulated within an enclosed
chamber with forced air. The result is heating through convection and a subtle
massage. Fluidized therapy is similar to paraffin in that the most common region
treated with these devices is the wrist and hand. These units allow passive or
active movement during treatment. Individuals with properly dressed open
wounds can be treated with fluidized therapy without the risk of contamination.
In contrast to what happens in treatment of an extremity in a whirlpool, with



fluidized therapy the treated limb does not sit in a gravity-dependent position.



Figure 11.10 Fluidotherapy.

Application Parameters

A summary of the literature on the physiological effects of superficial heat
reveals a target tissue temperature range of 40 to 45°C (104-113°F). Depending
on the mode of application, caution is advised with heat modalities that possess a
temperature higher than 46°C (115°F) due to the potential for scalding the skin.
Mechanized units are often preferred because they can maintain the treatment
temperature, optimizing heat transfer. In addition, certain application modes may
be more desirable and efficient than others (e.g., whirlpool versus moist heat
packs), especially in the treatment of multiple patients or in a large treatment
area.

Treatment Time

The duration of heat application needed to alleviate pain and muscle tension
has not been established. Clinical and personal experiences suggest that
treatment goals can be attained with applications of 20 min or more. Empirically,
very brief (a few minutes) application seems to have little effect. Heat wrap
application provides a more sustained warming and favorable outcomes.
Therefore it seems reasonable to recommend that superficial heat be applied at a
comfortable temperature for 20 or more minutes as desired for the relief of pain
and muscle tension. When applied to a joint before therapeutic exercise, joint
mobilization or stretching, a similar duration is recommended.



Contrast Therapy

As discussed in chapter 10, there is little research on the effectiveness of
contrast therapy, and guidelines for application are based on clinical experiences
and expert opinion. Contrast is most easily administered to the foot, ankle, and
leg, with alternating exposure to cold and heat. Most commonly, separate cold
and warm whirlpools are used for this application (figure 11.11). The
temperature of the cold bath and warm whirlpool should be within the ranges
described in this chapter. The literature provides several recommendations about
the length of time cold and heat should be applied, as well as the number of
cycles of heat and cold that should be completed during a treatment (Walsh
1996; Bell and Prentice 1998). A cold-to-warm ratio of 1 to 3 min or 1 to 4 min
appears reasonable based upon clinical observations and experience. There is no
definitive literature to guide decisions about beginning or ending treatment with
heat or cold. In general it is reasonable to recommend ending with heat if further
activity is planned in comparison to ending with cold if the treatment is the last
activity for the session. Due to the limited investigation of contrast treatments, it
is not possible to provide guidelines about which patients might benefit.
Contraindication for exposure to cold and heat should be observed, and as with
all water-based treatment, any open wound must be protected from infection.




Figure 11.11 Contrast therapy.
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Summary

This chapter is devoted to the application of cold, superficial heat, and
contrast therapy in the treatment of musculoskeletal injuries. The common
applications and safety concerns related to cold and superficial heat are
discussed.

Pain and muscle spasm indicate the use of cryotherapy, superficial heat, and
contrast treatment. This raises the question, which is best? There is no simple
answer. The clinician must consider several factors when selecting a modality,
weighing the potential benefits against potential risks. Contraindications are the
first consideration in selecting a therapeutic modality. If the injured person
suffers from Raynaud’s phenomenon (cryoglobulinemia, hemoglobinuria) or
cold urticaria, then cold and contrast cannot be used. As noted, heat is not
recommended during an acute inflammatory response to injury. Cold can be used
to manage pain and muscle spasm associated with acute events. If cold is
contraindicated, TENS and medication offer alternatives to manage pain, and
there is no evidence that failing to treat with cold compromises recovery from
injury. Combining cold with protection, elevation, and compression is generally
recommended.

If neither heat nor cold is contraindicated and the condition is not acute, you
must consider other factors in choosing between cryotherapy, superficial heat,
and contrast therapy. The most important considerations are the severity of pain
and muscle spasm, and patient preference. Cold is likely a better choice when
pain and muscle spasm are severe. However, the patient’s preference is also
important. If a certain treatment has helped a person in the past, he or she is
likely to believe that the treatment will work again and is likely to actively
participate in a plan of care that includes that treatment.

Compliance by the injured person is especially important in a sports
medicine clinic. The clinician often must develop home treatment programs for
patients who are treated in the clinic only once or twice per week, or may be
away from a school-based facility. Certainly someone who prefers not to be
treated with cryotherapy is unlikely to use cold at home unless provided with a
very convincing argument about why such treatments are essential to his or her
recovery. Thus, the ease of application and the probability of compliance with
home use are also considerations when you are choosing between cryotherapy
and superficial heat.



Key Concepts and Review

1. Describe the common methods and parameters of applying therapeutic cold
and superficial heat.

Therapeutic cold can be applied with an ice pack, ice massage, a cold
whirlpool, cold water immersion, or a vapocoolant spray. Superficial heat
can be applied with a hot pack, a heating lamp, a warm whirlpool, paraffin,
or fluidized therapy.

2. Discuss the indications for cold application and the impact of cooling on
arthrogenic muscle inhibition and acute inflammation.

Cold is primarily used to relieve pain and muscle spasm. Cold may also
limit swelling after musculoskeletal injury. Following an acute injury, cold
application will be maximally effective when combined with compression,
elevation, and protection of injured tissues. Cold has also been shown to
disinhibit neuromuscular pathways in patients exhibiting arthrogenic
muscle inhibition. The application of cold to the affected joint, such as a
knee, prior to exercise involving the quadriceps can result in better motor
unit recruitment than can be achieved without cold application.

3. Describe the contraindications to cold application.

Some medical conditions result in significant adverse reactions and
contraindicate the application of cold (table 11.1). The most common
condition in this category is vasospastic disorders, among which Raynaud’s
phenomenon occurs the most frequently. Cold urticaria, an allergic reaction
to cold exposure, also contraindicates cold application. Cold-induced
hemoglobinuria (paroxysmal cold hemoglobinuria) and cryoglobulinemia
are two rare conditions that also contraindicate cryotherapy.
Hemoglobinuria occurs when the rate of red blood cell breakdown exceeds
the rate at which hemoglobin combines with other proteins.
Cryoglobulinemia is a condition in which an abnormal clumping of plasma
proteins (cryoglobulins) is stimulated by cold application. In addition, cold
can injure superficial nerves such as the ulnar and common peroneal. Thus,
extreme caution is required when cold is applied near or over these
structures.

4. Discuss the indications for superficial heat application and the impact of
heating on arthrogenic muscle inhibition and tissue elasticity.

Superficial heat is used to relieve pain and muscle spasm. The choice
between using heat and cold depends on a number of factors, including
contraindications, degree of pain and muscle spasm, and preference.



5. Describe the contraindications to superficial heat.

The primary concern with the use of superficial heat is burns. The
clinician must be sure that the patient can sense heating and tolerate
warming of the skin. In patients for whom the application of heat is deemed
safe, heat should not be applied during an acute inflammatory response. If
patients self-apply heat at home, it is important to review safe application
procedures. Burns can be prevented through the use of insulating materials
and instructing patients in the appropriate positioning for and duration of
treatment.

6. Describe the application of cold in a program of cryokinetics.

Cryokinetics literally means cold and movement. When neuromuscular
control is lost and AMI is exhibited after an injury, cold can be used to
alleviate pain and reduce muscle spasm. In some cases (e.g., weeks after
anterior cruciate ligament reconstruction) AMI persists after pain and
muscle spasm resolve. In these cases cold can be applied until numbness is
achieved (typically 15-20 min) in preparation for therapeutic exercises
appropriate for the condition being treated. For example, following a lateral
ankle sprain, cold application may precede weight bearing and walking to
facilitate restoration of a normal, pain-free gait.



PartV
Ultrasound, Electromagnetic Fields, and
Laser Therapies

Part V provides an understanding of the physical principles and applications
of three somewhat related therapeutic modalities, in that they all have a role in
biostimulation. Therapeutic ultrasound has been applied in the treatment of
musculoskeletal conditions for decades. Ultrasound can increase the temperature
of subcutaneous tissues and affect cell function. The parameters of the acoustic
signal can alter the tissues’ responses, and they vary with the goal of the
treatment. The clinical benefits of treatment with ultrasound have been
questioned. These issues are discussed in the context of contemporary
considerations of effectiveness and costs. Diathermy is similar to ultrasound in
its ability to heat deeper tissues without elevating skin temperature. Diathermy
exposes the target tissue to an electromagnetic rather than acoustic energy field.
Similar to the discussion of ultrasound, the physical principles, potential
benefits, contraindications, and safety considerations of diathermy are presented.
A brief discussion of pulsed electromagnetic fields in fracture care is also
provided.

Laser is a somewhat newer therapeutic modality. In clinical care, nonheating,
low-power lasers are used for therapeutic benefit. Chapter 14 explains the
physical principles of lasers. Clinical application, considerations for safety, and a
review of the clinical research related to the outcomes of treatment with laser are
provided in chapter 15.



Chapter 12
Principles of Ultrasound and Diathermy



Objectives

After reading this chapter, you will be able to

1. describe how therapeutic ultrasound is generated by the treatment unit;
define beam nonuniformity ratio (BNR) and effective radiating area (ERA);
3. identify and describe the use of effective conducting media for ultrasound
treatments;
4. define dose, duty cycle, treatment duration, and frequency as parameters of
therapeutic ultrasound;
describe the thermal effects of therapeutic ultrasound;
6. describe the treatment parameters and physiological effects of pulsed
ultrasound;
discuss the technique and effectiveness of phonophoresis;
describe the differences between therapeutic ultrasound and diathermy;
9. identify the two mechanisms through which diathermy can be used to heat
deep tissues; and
10. describe the potential uses of diathermy and pulsed electromagnetic field
therapy in the treatment of musculoskeletal injuries.
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Two people are awaiting treatment at a university sports medicine clinic. The
first is a 22-year-old track athlete who sustained a strain of the biceps femoris 3
weeks ago. The second is a 36-year-old tennis player suffering from limited left
wrist range of motion after suffering a distal radius and ulna fracture in a motor
vehicle accident 10 months ago. Is treatment with ultrasound or diathermy
indicated in the treatment of either athlete? What parameters should be selected
with the use of the modalities? How is the energy transmitted into the tissues?
This chapter examines current uses and the evidence of efficacy of ultrasound
and diathermy and pulsed electromagnetic fields.

This chapter focuses on therapeutic ultrasound and, to a lesser extent, the
therapeutic use of diathermy and pulsed electromagnetic fields. Ultrasound and
diathermy can be administered by clinicians to heat deeper tissues including
muscles, tendons, ligaments, joint capsules, and scar tissue. Unlike the
superficial heating modalities discussed in chapter 10, acoustic energy generated
by ultrasound devices and electromagnetic fields generated by diathermy units
penetrate the skin and subcutaneous fat. Thus, ultrasound is considered a deep-



heating modality.

Not all of the purported benefits of ultrasound are attributable to thermal
effects. When ultrasound is pulsed, less heating occurs than when treatment time
remains the same. Responses to pulsed ultrasound are believed to be due to the
effect of the sound energy at the cellular level as opposed to tissue heating.

Sound energy also has been used to drive medication through the skin. This
process, known as phonophoresis, has been used commonly in athletic training
and physical therapy despite very little evidence of efficacy. These issues are
explored in greater detail later in this chapter.

At one time diathermy was a popular deep-heating modality. Because
diathermy is more cumbersome to apply and has more contraindications than
ultrasound, diathermy is now less commonly used in clinical practice. However,
new diathermy devices have come on the market, and diathermy is available in
more facilities than it was a few years ago. Diathermy allows for heating of
larger areas of tissue.



Ultrasound

Ultrasound differs from the modalities discussed in the previous three
chapters in that it transmits energy that falls within the acoustic, rather than
electromagnetic, spectrum. Ultrasound is used in medicine for imaging as well
as in the treatment of musculoskeletal conditions. Different frequencies of
ultrasound are used for each application. The ultrasound units used in the
practice of athletic training and physical therapy emit sound energy at
frequencies between 800 kHz (800,000 Hz) and 3 MHz (3,000,000 Hz). Modern
high-quality ultrasound units allow the clinician to select the treatment
frequency. Typically a clinician can choose frequencies near 1 MHz and 3.3
MHz. Some units are also adjustable to 2 MHz (figure 12.1). The importance of
frequency and the applications of ultrasound at various frequencies will be
discussed in detail. Initially, it is important to understand that therapeutic
ultrasound uses acoustic energy, delivered at very specific high frequencies.



Figure 12.1 Modern combination ultrasound, laser, and electrotherapy device.

Ultrasound machines use electrical current to create a mechanical vibration
in a crystalline material housed in the “head” of the unit. Vibration of the
crystalline material produces a wave of acoustic energy (ultrasound) (figure
12.2). The crystalline material in modern ultrasound devices is synthetic,
although natural crystals were once used. The sound energy emitted from the
ultrasound head travels through tissues and is absorbed.



Figure 12.2 Components of an ultrasound unit.

Ultrasound technology is now used extensively for diagnostic imaging.
Ultrasound in the range of 3.5 MHz to 15 MHz is used to image organs of the
abdomen and thorax as well as musculoskeletal tissues (Whittaker et al. 2007).
Ultrasound is also routinely used for prenatal examination. Through ultrasound,
some correctable birth defects can be identified, and the sex of the fetus can also
be determined.

In musculoskeletal care, ultrasound can be used to detect muscle strains,
ligament sprains, and degenerative changes in tendon. The sound energy used for
imaging differs in frequency and pulse characteristics from that used for
therapeutic purposes.

Beam Nonuniformity Ratio and Effective Radiating

Two terms describe the size and quality of an ultrasound crystal found in
therapeutic ultrasound devices. Effective radiating area (ERA) is the area that
receives at least 5% of the peak sound energy. This is essentially the size of the
area to which sound energy is conducted when the head of the ultrasound unit
contacts the skin. The ERA is somewhat smaller than the surface area of the
sound head.

The beam of sound energy emitted from a crystal is not uniform but rather is
characterized by areas of high intensity and lower intensity (figure 12.3). Beam
nonuniformity ratio (BNR) is the ratio of the average intensity of the ultrasound
beam across the ERA divided by the peak intensity of the ultrasound beam; the
lower the BNR, the more uniform the intensity of the sound wave.

BNR= spacial peak intensity

spacial average intensity



Figure 12.3 Beam scan of a crystal with a beam nonuniformity ratio (BNR) of
2.32, (a) top view and (b) side view. When tested on 40 subjects, the ultrasound
transducer housing this crystal produced a very comfortable treatment at 1.5 to
2.0 watts per cm? (W/cm?). Beam scan of a crystal with a BNR of 7.75, (c) top
view. When this was tested on 40 subjects, the ultrasound transducer housing the
crystal produced an uncomfortable treatment at 1.5 W/cm? and was not tolerated
at 2.0 W/cm?.
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Courtesy of Brigham Young University Sports Injury Research Center.

A low BNR minimizes the risk of developing “hot spots” and allows the
clinician to deliver higher doses of ultrasound without causing pain and
discomfort. The BNR must be listed by the manufacturer on all units. Ideally, the
BNR would be 1; however, this is impossible, and the acceptable range is
between 2 and 6.

Unfortunately, BNR and ERA may not adequately define how an ultrasound
unit will function. Holcomb and Joyce (2003) reported significant differences in
the change in tissue temperature between two ultrasound units with a BNR of 3.7
and 2.3 and an ERA of 4.9 and 4.6 cm, respectively. These authors speculated
that the area of peak intensity or peak area of the maximum beam nonuniformity
ratio (PAMBNR) as described by Draper (1999) might explain why two
ultrasound units differ in performance. Certainly a small spike of peak amplitude
as illustrated in figure 12.4 will deliver less energy and therefore have less
thermal effect than that provided by a larger area of peak amplitude. Johns,
Straub, and Howard (2007) and Straub, Johns, and Howard (2008) reported
considerable variability in ERA and special average intensity in 3 and 1 MHz
ultrasound units, respectively, from different manufacturers. Differences between
reported and actual ERA values were identified for all but one manufacturer
when 3 MHz sound heads were evaluated (Johns, Straub, and Howard 2007).



Demchak, Straub, and Johns (2007) noted differences in the rate but not peak
heating of the calf muscles using three different 1 MHz ultrasound transducers.
Johns et al. (2007), however, have reported greater heating with 1 MHz sound
heads with more concentrated energy fields. The issue of equipment
performance across parameters requires further study. Variability in the
characteristics of the acoustic energy field may yield differing treatment effects
and perhaps pose a risk of adverse events. Frye et al. (2007) reported blistering
of the anterior shin after ultrasound to the calf muscles in laboratory experiments
employing common clinical treatment parameters.



Figure 12.4 The area of peak intensity, (a) small and (b) larger, may affect the
performance of ultrasound devices.
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Conducting Media

Air is a poor conductor of ultrasound energy. To maximize delivery of sound
energy to the tissues, a conducting medium must be used. Several substances
have been used to conduct ultrasound, including ultrasound gel, gel pads,
mineral oil, lotions, and water. The amount of sound energy conducted varies
substantially between conducting media. Commercial ultrasound gel (Draper
1996; Draper et al. 1993; Klucinec et al. 2000) and gel pads (Klucinec et al.
2000; Klucinec 1996) (figure 12.5) are superior conducting media. Water is not



as good a conducting medium (Draper 1996; Draper et al. 1993; Klucinec et al.
2000; Klucinec 1996; Forrest and Rosen 1989, 1992), attenuating as much as
65% of the sound energy (Klucinec et al. 2000).



Figure 12.5 Ultrasound gel and gel pads.

Rubley et al. (2008) reported smaller differences (approximately 15%) in
Achilles tendon tissue heating when comparing gel and degassed water as
conducting media. Differences in research methods and ultrasound equipment
may explain the estimated magnitude of differences between conducting media.
Collectively, however, the research suggests that ultrasound gel is the conducting
medium of choice for clinical administration of therapeutic ultrasound. The
conducting capacities of most gels and creams have not been established.
However, some have been shown to be very poor conductors of sound energy
(Cameron and Monroe 1992; Draper 1996; Draper et al. 1993; Forrest and Rosen
1989, 1992; Klucinec 1996; Klucinec et al. 2000). When applying ultrasound,
use gels and gel pads known to be effective conductors.

Parameters of Treatment with Ultrasound

As with electrotherapy, you can alter the treatment parameters of ultrasound
depending on the desired effect. Fortunately, the number of adjustable
parameters is smaller. You can control the amplitude of the sound waves and
therefore the amount of sound energy being emitted from the sound head. The
sound energy emitted by the crystal is measured in watts (W). The dose of sound
energy delivered is based on the amount of energy being emitted divided by the
radiating area of the crystal measured in square centimeters (cm?). Thus,
ultrasound dose is measured in W/cm?. You can also adjust the duty cycle,
duration of treatment, and frequency.

Duty cycle refers to the process of interrupting delivery of the sound wave so
that periods of sound wave emission are interspersed with periods of
interruption. Figure 12.6 depicts pulsed and continuous ultrasound.
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Figure 12.6 (a) In pulsed ultrasound, energy is generated only during the “on’
time. Duty cycle is determined by the ratio of “on” time to pulse, in this case
50%. (b) Continuous ultrasound is shown.
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Often you can select between several duty cycles. Duty cycle is calculated by
dividing the time during which sound is delivered by the total time the sound
head is applied. For example, if ultrasound is transmitted for 150 ms out of every
second of treatment, then the duty cycle is 150/1,000, or 15%. When the
emission of sound energy is not interrupted, the duty cycle equals 100%, and the
ultrasound is referred to as continuous ultrasound.

Much has been learned about the treatment duration needed to elevate tissue
temperatures. An interaction among the frequency, dose, and treatment duration
has also been found. Some recipes for duration and intensities of ultrasound
treatments used in the past do not increase tissue temperature sufficiently.

The frequency of the sound waves affects the depth at which the greatest
amount of ultrasound energy is absorbed, as well as the time required to increase
tissue temperature. Ultrasound units typically allow for treatment with more than
one frequency, but older units had a single fixed frequency of 1 MHz.
Treatments with higher frequencies are usually more appropriate for
musculoskeletal injuries.

Sound Energy Absorption in Tissues



The amount of acoustic energy absorbed by tissues is influenced by many
factors. The tissue characteristics, as well as the frequency, dose (W/cm?), duty
cycle, and duration of treatment with ultrasound affect the amount of acoustic
energy absorbed. When continuous ultrasound is delivered, the greater the
energy absorption, the greater the tissue heating. Tissues with greater protein
density have a higher rate of absorption, whereas tissues with a higher water
content have lower absorption rates. Thus, tendon, ligament, and muscle tissue
absorb more sound energy than skin and adipose tissue. Superficial bones and
nerves absorb the most energy.

Ultrasound at a higher frequency (3 MHz) is absorbed more rapidly than that
at a lower frequency (1 MHz) (figure 12.7). Therefore, ultrasound at higher
frequencies affects tissues that are more superficial, whereas at a lower
frequency less energy is absorbed superficially and more is available to penetrate
into tissues. Thus, if the goal of treatment is to heat the capsular tissue at a joint
such as the elbow with ultrasound, a 3 MHz frequency is appropriate.
Temperature increases of up to 8°C have been reported with 3 MHz ultrasound
at 1 W/cm? in 4 min in superficial tissues such as the patellar tendon (Chan et al.
1998). If the target tissue is deep tissue, a lower frequency (1 MHz) is necessary;
10 min of continuous 1 MHz ultrasound at 2.0 W/cm? will elevate temperature
about 4°C at a depth of 2.5 cm (Draper, Castel, and Castel 1995). There is likely
considerable overlap in tissue heating between 1 and 3 MHz ultrasound, as
heating of tissues at 2.5 cm depths with 3 MHz ultrasound has been reported
(Hayes et al. 2004). The interactions between ultrasound parameters and thermal
response are discussed further shortly.



Figure 12.7 A great depth of heating is achieved with 1 MHz. The specific depth
of heating is device dependent, and the values provided represent a range rather
than specific limits of thermal responses.
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Thermal Effects of Ultrasound

Many of the benefits of ultrasound have been attributed to tissue heating.
This section examines the effects of parameter adjustments on the thermal
response to ultrasound. Draper (1996) suggested that an increase of 1°C (mild
heating) increases metabolic activity; a 2° to 3°C increase reduces muscle spasm,
increases blood flow, and reduces chronic inflammation; and a 4°C increase
alters the viscoelastic properties of collagen.

An increase in temperature increases metabolic activity in deeper tissues.
When these tissues are more active, the demand for oxygen is increased, which,
in turn, increases local blood flow. Thus, one of the effects of ultrasound is to
increase local blood flow. The issues of tissue repair and treatment efficacy with
ultrasound are discussed later in this chapter.

The analgesic and antispasmotic responses to ultrasound are not as great as
those following cryotherapy, superficial heating, and transcutaneous electrical
nerve stimulation. The primary effects of continuous ultrasound are increases in
collagen elasticity in response to increased tissue temperature. By properly
selecting treatment parameters you can increase temperature more than 4°C in
the target tissue.

Duty Cycle and Tissue Heating

Continuous ultrasound results in therapeutically beneficial amounts of tissue
heating. Pulsed ultrasound may have therapeutic benefits in certain
circumstances (see “Efficacy of Ultrasound Therapy for Musculoskeletal
Conditions” later in the chapter), but these effects are nonthermal. Certainly the
sound energy delivered with a pulsed ultrasound treatment is absorbed into the



tissues at depths determined by the frequency of the sound wave. However, the
total energy delivered during pulsed ultrasound is less than with continuous
ultrasound at the same intensity and duration. Thus, less local tissue heating
occurs.

Dose and Tissue Heating

The greater the dose of sound energy, the greater the amount of energy
delivered to the tissues. Thus, with continuous ultrasound, a higher dose results
in greater tissue heating in less time. Many clinicians administer ultrasound at a
low dose, often 1.5 W/cm?2, because they were instructed in school to do so. This
practice may have come about because older units caused discomfort at higher
doses due to the characteristics of the crystal. Although higher doses of
ultrasound, greater than 2.5 to 3.0 W/cm?, can damage tissue, you should not
limit the dose to 1.5 W/cm?.

Treatment Time and Tissue Heating

There is an interaction among frequency, dose, and the time required to
increase tissue temperature. At a frequency of 3 MHz, 4 to 5 min is sufficient to
achieve a 4°C increase in local tissue temperature at a dose of 1.5 W/cm?.
However, when a 1 MHz frequency is applied, a 10 min treatment at a dose of
2.0 W/cm? is required to achieve the same increase in tissue temperature (Draper
1996; Draper, Castel, and Castel 1995). Although no minimum dose has been
established for obtaining specific levels of heating, longer applications are
needed when lower intensities of ultrasound are used. For example, a 1 MHz
frequency continuous ultrasound treatment at 1.5 W/cm? requires 12 min to

increase tissue temperature 4°C as opposed to the 10 min needed at 2 W/cm?
(Draper 1996).

Treatment Area, Sound Head Movement, and Tissue Heating

The parameters outlined in the previous sections to heat deeper tissues are
predicated on treatment over an area no greater than three times the ERA of the
crystal and a slow, controlled movement of the ultrasound head. When larger
areas are treated, the amount of acoustic energy reaching any single area is
decreased. In addition, heat buildup is allowed to dissipate from the target tissue.
Thus, there is less temperature increase during treatment and therefore less



change in tissue elasticity and local blood flow during and after treatment.
Treating larger areas such as the lower back has little or no effect on the
tissues, although there may be a placebo effect. Thus, ultrasound should not be
applied over large areas. Currently, the best recommendation for treatment
technique suggests covering a treatment area two to three times the ERA with
the sound head covering less than two times the ERA per second (ERA/s).
Moving the sound head slowly prevents hot spots from developing in areas
of peak amplitude and helps you maintain good contact with the skin or gel pad
surface. With higher-quality, lower BNR rating crystals, the sound head can be
moved more slowly, resulting in more uniform heating and greater patient
comfort. Rapid, sloppy movement of the sound head with frequent breaks in
contact between the skin or gel pad decreases the thermal response to treatment.

Tissue Cooling

Tissue temperatures fall fairly rapidly following ultrasound therapy. Draper
and Ricard (1995) reported that when 3 MHz ultrasound was used to heat muscle
tissue at the depth of 1.2 cm to an average of 5.3°C, the tissue cooled 2°C within
the first 3.5 min. Rose et al. (1996) reported that tissues at 2.5 and 5 cm depth,
heated 4°C by 1 MHz continuous ultrasound, cooled 2°C in less than 7 min.
From these studies it is apparent that the thermal response to ultrasound is short-
lived and that superficial tissues cool more rapidly than deeper ones. Thus, any
stretching or manual therapies should be performed immediately following
treatment or even initiated in the last few minutes of treatment when possible if
the benefits of heating from ultrasound are to be realized.

Nonthermal Ultrasound and Repair

Therapeutic ultrasound, as described so far, relates to clinical applications
commonly provided by athletic trainers, physical therapists, and other health
care providers. When ultrasound is pulsed or administered at low amplitude,
little or no heating occurs. However, pulsed ultrasound has been shown to affect
tissue healing in some circumstances and to alter cellular activity in vitro.
Research has demonstrated that low doses of ultrasound, electrical energy, and
light energy can speed healing in some patients. Reports on the use of pulsed
ultrasound in treating human patients with chronic ulcers suggest that pulsed
ultrasound has a physiological impact (Callam, Harper, and Dale 1987; Dyson
and Suckling 1978; Erikson, Lundeberg, and Malm 1991). However, the subjects



of these studies differ from healthy athletes in many respects, and we must use
caution in generalizing these results to the treatment of musculoskeletal injuries.
More recently, Loyola-Sanchez (2012) reported that active ultrasound therapy
administered using a 1 MHz ultrasound device with a therapeutic dose of
approximately 0.2 W/cm? (112.5 joules per cm? (J/cm?) avg amplitude = 1.0
W/cm?, ultrasound pulsed to 20% for 9.5 min, treatment 3 times per week for
approximately 8 weeks [24 treatments]) increased medial tibial cartilage
thickness in patients with mild to moderate osteoarthritis. The clinical
implications of this work as well as the precision of the estimate of magnitude of
thickening and optimal parameters require further investigation. These findings,
however, offer evidence of a treatment effect when ultrasound is applied in the
management of degenerative musculoskeletal conditions. The responses to
ultrasound cannot be solely attributed to a thermal response.

Low intensity, pulsed ultrasound (LIPUS) has been shown to speed fracture
healing in human patients and animal models (Bashardoust Tajali et al. 2012;
Walker, Denegar, and Preische 2007; Urita et al. 2013; Kristiansen et al. 1997).
The parameters of LIPUS differ from conventional ultrasound. For example,
Urita et al. applied a commercially available LIPUS device (Sonic Accelerated
Healing System 2000, Smith & Nephew, Memphis TN) that provided ultrasound
delivered at a frequency of 1.5 MHz, modulated to 30 mW/cm? daily for 20
minutes to patients recovering from forearm osteotomy procedures for up to 12
weeks postoperatively. They reported a 27% reduction in time to cortical union
and an 18% reduction in time to endosteal union. Others have reported similar
effects in acute and nonunion fractures. It is important to note the very low
energy levels and longer duration of treatment that define LIPUS. Similar
responses to higher doses of energy delivered by conventional clinical
ultrasound devices to facilitate fracture repair have not been reported.

Research on the impact of ultrasound in tissue repair has primarily focused
on cases of poor or delayed repair, such as skin ulcers and nonunion and acute
fractures. Considerable work has also been done on animal models, including
studies of acute inflammation and the treatment of tendon and ligament injuries.
The application of pulsed ultrasound has been studied following silver nitrate—
induced inflammation in animal models. Pulsed ultrasound treatments of 2 to 4
min at low doses may transiently decrease capillary leakage (Fyfe and Chahl
1980). However, greater leakage of plasma over 24 h followed by a more rapid
resolution of effusion has also been reported by the same investigators (Fyfe and
Chahl 1985). The mechanism by which pulsed ultrasound affects swelling has
not been fully explained, and further study of mechanism and dose response is
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needed before pulsed ultrasound is routinely used following acute soft tissue
injury.

In animal studies, investigators have found that after treatments with pulsed
ultrasound, tissue repair is expedited (Dyson and Pond 1970) and tensile strength
of healing tissues increased (Dyson and Pond 1970; Enwemeka, Rodriquez, and
Mendosa 1989; Friedar 1988; da Cunha, Parizotto, and Vidal Bde 2001).
Takakura et al. (2002) reported that pulsed ultrasound enhanced early repair of
medial collateral ligament injuries in rats but did not result in improved load to
failure, stiffness, or energy absorption at 3 weeks into the healing process. Saini
et al. (2002), however, reported that 10 min of 0.5 W/cm? of continuous
ultrasound on the third postoperative day and continuing for 10 days resulted in
differences in the repair of severed Achilles tendons in a small sample of dogs
until 120 days postoperatively. Treated animals also subjectively recovered from
lameness more rapidly.

Ying, Lin, and Yan (2012) provided a summary of research that
demonstrated accelerated healing at bone-tendon junctions. All of the reviewed
work involved animal models, but it is consistent with research that reports
accelerated fracture repair. The mechanical stimulus of the acoustic wave as a
mechanism for enhanced cell responses is emphasized by these authors. Warden
et al. (2008), however, found no additional benefit of ultrasound in patients with
patella tendinopathy who participated in a rehabilitative exercise program that
emphasized eccentric loading of the affected tendon. Little is known about the
potential for ultrasound in general and LIPUS more specifically to promote
ligament repair. No human trials were identified in our literature review,
although El-Bialy, Alhadlag, and Lam (2012) reported that LIPUS has an
anabolic effect on human periodontal ligament cells in vitro. These results and
the similarities in repair across musculoskeletal connective tissue identify the
need for additional research and ultimately human clinical trials.

Mechanisms of Effect: Acoustical Streaming and Stable Cavitation

The mechanisms that may explain the nonthermal effects of ultrasound are
not fully understood. Historically, the literature on the nonthermal benefits of
ultrasound attributed most of the effects to acoustical streaming and stable
cavitation (figure 12.8). Acoustical streaming is the movement of fluids along
cell membranes due to the mechanical pressure exerted by the sound waves. The
movement occurs only in the direction of the sound wave. Acoustical streaming
facilitates fluid movement and may increase cell membrane permeability. More
recent research, done in the context of mechanobiology, suggests that the fluid



shear created by ultrasound serves as a mechanical stimulus to the cell. The
transduction of mechanical signals is discussed in earlier chapters. The most
plausible current explanation for the facilitation of repair through pulsed
ultrasound and LIPUS is up-regulation of anabolic cell signaling pathways and
facilitation of stem/progenitor cell differentiation favoring repair (Kumagai et al.
2012). Angle et al. (2011, pp. 286-287) summarized the effects of LIPUS:
"LIPUS, in essence a wave of alternating pressure, is translated into an
extracellular mechanical force at the cell membrane, where it is transduced into
intracellular electrical and/or biochemical signals.”



Figure 12.8 Acoustical streaming and cavitation. Acoustical streaming is the
movement of fluids around cells by sound waves. Cavitation is the expansion
and contraction of air bubbles because of pressure changes in surrounding fluid

due to acoustic energy.
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Cavitation is the formation of gas-filled bubbles. Ultrasound produces
pressure changes in tissue fluids that create the bubbles and cause them to
expand and contract. Stable cavitation refers to a rhythmic cycle of expansion
and contraction during repeated pressure changes over many acoustic cycles.
Unstable cavitation refers to a collapse of the gas bubbles. Unstable cavitation,
which is most associated with low-frequency, high-intensity sound waves, is
believed to damage tissues. Stable cavitation, which occurs with therapeutic
ultrasound, is thought to